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There’s been a cold war on in Minnesota lately 


• . . And our metallurgists have won it. 

Up in the iron ore range, where 40 below zero can 
he expected frequently, shovel operators usually plan 
their operations to remove a year's supply of ore 
during warm weather months when the ore is work¬ 
able. But recently, with steel requirements ever in¬ 
creasing. shovel operators began working around* 
the-calendar. 

And they ran into trouble. 

During one cold spell when the temperature 
dropped to 40 c below throughout the iron ore range, 
the ore froze solid. The extreme cold caused steel in 
the equipment to lose some of its toughness, and 
power shovel booms and dipper sticks broke all over 
the range as the huge steel dippers were rammed 
■into the frozen ore with tremendous force. 

But there was one significant exception. Operators 
using shovels with booms arid dipper sticks made of 
one particular steel went right on gouging up frozen 
ore without any equipment trouble. 


Those shovels stood up because the heavily 
stressed par ts w e re made fro rn U * S * S Tri-T ejv— a 
remarkably strong steel that has a high degree of 
toughness, even at low temperatures. 

Moreover, the users were able to cut the weight of 
their Tri-Ten parts by 25 %, even though some work¬ 
ing stresses were increased 50%. “And,”'says one 
shovel manufacturer, “Tri-T-en steel has enabled our 
customers to operate this equipment successfully at 
teniperatu res as low as — 45 F. 55 

• • * 

IBS'S TRI-TEN is only one of hundreds of steel 
COinpos i t i oris d ev eloped by I n i ted St ales St eel to 
meet special service conditions. Trained U. S. Steel 
metallurgists work with manufacturers all over the 
country to help solve problems involving the more 
efficient use of steel. United States Steel Company, 
525 William Perm Place, Pittsburgh 30. Pa. 









This is the Boeing team’s jet heavyweight 


Here is a flight shot of the giant 
Boeing B-52 Stratofortress. An eight- 
jet heavy bomber, the Stratofort is a 
fast, husky teammate to the B-47 
Stratojet medium bomber. It’s 153 feet 
long, measures 185 feet from wing-tip 
to wing-tip, and is powered by eight 
Pratt & Whitney J-57 engines. Speed 
and other performance details are care¬ 
fully guarded secrets. 

This Boeing jet-bomber team is an¬ 
other example of the trail-blazing that, 
for 35 years, has kept Boeing engineers 
at the head of the design parade. 


If you measure up to Boeing stand¬ 
ards, you can share this Boeing pres¬ 
tige. You’ll work with men renowned 
in their fields on such challenging 
projects as guided missiles, nuclear- 
powered aircraft, and the exploration 
of supersonic flight. 

You can work in Seattle in the 
Pacific Northwest, or, if you prefer, at 
Wichita in the Midwest. Boeing pro¬ 
vides a generous moving and travel 
allowance, offers you special training, 
a salary that grows with you —and a 
future of almost limitless range. 


Plan now to build your career as a 
member of Boeing’s distinguished En¬ 
gineering personnel after graduation. 
Boeing has present and future openings 
for experienced and junior engineers 
in all fields, for aircraft 

• DESIGN • RESEARCH 

• DEVELOPMENT • PRODUCTION 

• TOOLING 

also for servo-meebanism and elec¬ 
tronics designers and analysts, and for 
ph ysicists and mathematicians with ad¬ 
vanced degrees. 

For further information, 
consul/ your Placement Office, or write: 

JOHN 0. SANDERS, Staff Engineer—Personnel 
Boeing Airplane Company, Seattle 14, Washington 
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BOOKS 


GENERAL GENETICS 

by Adrian M. Srb & Ray D, Owen 

W. H. Freeman & Co., San Francisco 

$5.50 

Tins rs r;\noi r RTEDr.Y one of the 
most up-to-date textbooks in genetics 
now available. Written by Adrian 
Srb. Professor of Plant Breeding at 
Cornell University (who was a Re¬ 
search Associate at the California 
Institute in 1949). and Ray Owen. 
Associate Professor of Biology at 
Caltech, the book is intended for be¬ 
ginning students in genetics. The 
first 16 chapters provide elementary 
coverage of the field, while the re¬ 
maining 8 chapters deal with more 
advanced topics. The authors have 
careful 1 y selected new exam p i e s 
from many organisms, such as chick¬ 
ens. foxes, etc., while retaining the 
standard examples from corn and 
Drosophila. And they have made an 
effort to include, wherever possible, 
results from recent investigations. 


The book is copiously i 11ustrated 
and contains a number of spectacu¬ 
lar three-dimensional drawings of 
the chromosomes, which are the 
work of Evan L. Gillespie. 

The text is nicely adapted for use 
by elementary students in genetics, 
ft contains a good many problems 
for students to solve. Each chapter 
ends with a summary of its contents. 
And the authors have made a great 
effort to write with the utmost sim¬ 
plicity. fri spite of the rather infor¬ 
mal style. the approach is rigorous 
arid thoroughgoing. 

ELASTICITY IN ENGINEERING 

by Ernest E. Sechler 

John Wiley & Sons, Inc., New York, 

$8.50 

This rs the sixth published volume 
in the GALGIT Aeronautical Series, 
and the second in the series to deal 
with problems of structural analysis 


and elasticity. The earlier book, of 
which Dr. Sechler was the co-author 
fwith Lou is G. f )un n I. dea 11 specifi- 
era 11 v with problems of airplane de¬ 
sign. As a result of his work in this 
field. Dr. Sechler became convinced 
that the treatment of problems in 
elasticity which result from the aero¬ 
nautical approach might have inter¬ 
est and value in other engineering 
fields. 

Elasticity in Engineering bridges 
the heretofore unfilled gap between 
strength of materials and theoretical 
elasticity. As such, it should be use¬ 
ful to engineers working in all fields 
of structural analysis, as well as in 
undergraduate and graduate courses 
in applied elasticity and advanced 
strength of materials. 

Ernest E. Sechler was graduated 
from Caltech in 1928, received his 
M.S. here in 1929. and his Ph.D. in 
1934. Now Professor of Aeronautics 
at the Institute, he is in charge of all 
aernouatiea! structural course work 
and research. 



For added value in the home, 
put ADEQUATE WIRING in the plans! 


Wrapped in those plans for a new home are an owner’s 
dreams, an architect's and a builders reputation and, 
probably, a lending agency's investment. And all of these 
will be the better protected by the inclusion of 
Certified Adequate Wiring. 

Specifying "Certified Adequate Wiring" for homes 
is the easy way to assure electrical facilities adequate for 
today's electrical load and for tomorrow's, too. It makes 
a house more valuable and more salable, and at such 
a small percentage of the total building cost that it is 
practically a '’must" in modern construction. 

Full details on Certified Adequate Wiring are 
available,without cost or obligation, through your local 
Edison office. 



SOUTHERN CALIFORNIA EDISON COMPANY 
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DID YOU KNOW? 


Condenser Tube Sheets 
or Loss of Pressure 

"Seif-Cleaning". Electrically, hydraulically or 


that you can Clean 
without Downtime 

C. H. Wheeler Reverse Flow Condensers are 
manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 

that there are Vacuum Pumps with No Moving 
Parts . . . and often requiring No Extra Power 

C. H. Wheeler Tubejets convert waste steam into useful vacuum for pumping, refrigera¬ 
tion, etc. 

that a Cooling Tower can be Built to Blend with a 
Building—or to Stand Alone against Hurricane Winds 

C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 
harmonize with an architectural plan. Sturdy construction is guaranteed for performance 
and durability, 

that Material will Grind Itself into Particles 100 
Times Finer than the Human Eye Can See 

C. H. Wheeler Fluid Energy Reduction Mills reduce materials to sub-micron particle sizes. 
Material is conveyed by air, steam or any gas or vapor in a closed circuit at supersonic 
speeds causing particles to reduce themselves by repeated shattering contact with one 
another. 

Bulletins mailed on request . 


? 

■ 

7 
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19TH & LEHIGH AVENUE, PHILA. 32, PA. 
DIVISION OF HAMILTON-THOMAS CORP. 


MANUFACTURING COMPANY 


Steam Condensers * Steam Jet Ejectors • Cooling Towers • Vacuum 
Refrigeration • High Vacuum Process Equipment * Micro-Particle 
Reduction Mills • Amarine Condensers & Ejectors • Deck Machinery 



WHEELER-ECONOMY PUMPS 


1952 PUMP ENGINEERING HANDBOOK 

The Research Has Been Done For You 


"PUMP ENGINEERING DATA” has been compiled for professional and student 

engineers who want their information in one 
volume. Designed for ease for use, with tables, 
diagrams, and charts. 


• • * was assembled by experts to 
provide the most pertinent and 
up-to-date material for pump 
engineering. Substantially 
bound in maroon and gold—con¬ 
tains over 400 pages. 


* • • covers pumping problems encountered in build** 
ings, waterworks, sewage treatment plants, oil refineries, 
mines and quarries, irrigation, power plants, food and 
chemical plants, paper mills, and in many other applications. 


Send today for your copy of 

"PUMP ENGINEERING DATA” tarn 


ECONOMY PUMPS, INC • Division of C. H. Wheeler Mfg. Co 
Sedgley at 19th and Lehigh • Philadelphia 32, Penna 
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Note for a 
faculty member's 
briefcase! 


Recently we had the pleasure at General Motors of 
welcoming 19 faculty members from leading engineer¬ 
ing schools to Detroit. 

This was part of our continuing effort to discover ways 
in which GM can be of help in furthering the growth of 
engineering education in America. 

And their professors informed us that they would wel¬ 
come information on General Motors employment 
opportunities which they could pass along to their 
students. 

In the thought, therefore, that other faculty members 
may share their opinion, we are publishing this message. 

So we would like you to know these few simple facts 
about GM job opportunities. 

1* They are broadly assorted—fitting a wide range of 
talents—from the pure scientist to the young man 
who sees in his engineering training a fine back¬ 
ground for production or management work. 

2. They cover a wealth of subjects—from chemistry and 
chemical engineering to mechanical and electrical 
engineering, from metallurgical engineering to 
industrial engineering. 

3. They offer reasonable advancement for the diligent 
and ingenious mind. For the industrial climate at 
GM is conditioned by a traditional respect for the 
engineering point of view. Witness the number of key 
GM executives in both divisions and top management 
who began their careers as engineering graduates on 
GM drafting boards. 

And we would like you to feel free at any time to write 
us, or ask our College Representative, who periodically 
visits your campus, any detailed questions on the subject 
of GM jobs for your talented students. 
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GM POSITIONS 
NOW AVAILABLE IN 
THESE FIELDS: 

Mechanical Engineering 
Electrical Engineering 
Metallurgical Engineering 
Industrial Engineering 
Chemical Engineering 


GENERAL MOTORS 

Personnel Staff 

Detroit 2, Michigan 







SCIENCE 


ENGINEERING I AND 


IN THIS ISSUE 



This month’s cover show? Peter Ky- 
rnpoulos feeding chemical hay to a 
mechanical horse. He is. in plain lan¬ 
guage. operating a knock-test engine in 
Caltech's Mechanical Engineering Lab 
- pouring 100-oetane fuel into the vari¬ 
able-compression fuel test engine. 

l)r. Kyropoulos, Associate Professor 
of Mechanical Engineering at the insti¬ 
tute. is eo-author with . Craig Marks, 
Research Assistant in Mechanical Engi¬ 
neering here, of the article on page 18: 
"Recent Developments and Trends in 
\ u tomo t i v e Po w er pi a n ts." 


“Psychoanalysis as Science,” the title 
of the article on page 11, is also the 
title of a hook published this month— 
from which our article has been adapt¬ 
ed. The book includes live lectures, 
delivered at Caltech in 1950. under the 
sponsorship of the Hixon Fund, by Dr. 
Ernest 11. Hilgard, then Chairman ol 
the Department of Psychology at Stan¬ 
ford—now Dean ol the Stanford Grad¬ 
uate School: Dr. Lawrence S. Kubie of 
New ^ork, Clinical Professor ol Psy¬ 
chiatry and Mental Hygiene at the 
"tale University School of Medicine, 
and a member of the faculty ol the 
New York Psychoanalytic Institute: 
and Dr. E. Pumpian-Mindlin, then 
Clinical Director, now Chief of the 
Mental Hygiene Clinic of the Veterans 
Administration in Cos Angeles. 

The article on page 11 has been ex¬ 
tracted from the second of the two lec¬ 
tures given by Dr. Hilgard. If space 
allows, in subsequent issues, E&S will 
run additional material lrom the book. 
"Psychoanalysis as Science." 
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Architects: the Ballinger company. Contractors: turner construction co* 




What Yale preaches, it practices. The Yale & 
Towne Philadelphia plant, newest and largest 
materials handling plant in the world, is en¬ 
gineered for top production speed, economy 
and efficiency. 

Departments were planned and located to 
permit a constant flow of material through 
each operation. All operating equipment was 
selected on the basis of low maintenance, 
and efficient, long-life performance. Jenkins 
Valves, for example, are installed in all unit 
heaters at Yale, and at control points on the 
complex network of water and air lines. 


selects JENKINS VALVES 


With the nation's top-flight building spe¬ 
cialists, the only true economy is to install the 
best valves money can buy. This confidence in 
the extra measure of efficiency and endurance 
built into Jenkins Valves is shared by plant 
operating staffs in every type of industry. 

Yet despite this extra value, they pay no more 
for Jenkins Valves. For new installations, for 
all replacements, the Jenkins Diamond is their 
reliable guide to lasting valve economy. 

Jenkins Bros., 100 Park Ave., New York 17. 


SOLD THROUGH LEADING INDUSTRIAL DISTRIBUTORS EVERYWHERE 


Numbering more 
fhan 3000, end rang¬ 
ing in size from Vi in. 
to 8 in. Jenkins Valves 
assure trouble-free 
fluid control at Yale & 
Towne s new plant. One 
of the large gate 
valves, on a water 
main, is shown above. 
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It looked impossible 
until they turned to 


"MAN-MADE 

MINERALS" 



SMOOTHER KHHiM. gets 
an ass is r from CARBORUNDUM 
research. Coil springs for your 
car's fronc end are formed from 
steel bars heated in furnaces 
whose work-rests, of steel alloy, 
lasted six monrhs,needed repair 
weekly, carbofrax super re¬ 
fractory work-rests, at half the 
initial cost of alloy, last two 
years with no repair whatever. 

Produced by the 
Refractories Division 



"MAIN-MAUK MIIMiKALr serve the textile 
industries in texalox drawing roll coverings. 
These provide a positive, uniform grip on deli¬ 
cate fibres and fabrics, and are unaffected by tex¬ 
tile processing chemicals. 

Made by the Coated Products Division 




PRODUCTION of precision products 
became possible when superior man-made abra¬ 
sives were developed by carborundum. Today, 
only CARBORUNDUM offers ALL abrasive products 
to give you the proper ONE. 

Instruments that tell the truth at 33,000 feet 
. . . metal products ground to a perfect fit 
. , , delicate fabrics gently guided through production 
. , . longer life for heat treatment furnace parts 

These are but samples that suggest the great variety of work 
performed by minerals Nature left for man to invent. In every 
instance, a job is being done with convenience, speed, economy 
or certainty unattainable with other materials. 

Your processes may well call for equipment that is strong, 
sharp, hard and conductive beyond the ordinary, or exception¬ 
ally resistant to heat and chemical attack. If so, you are laced 
with opportunities to profit with products made of silicon 
carbide or aluminum oxide by carborundum. 

New applications of the unique properties of "man-made min¬ 
erals" are being developed constantly. Whether you are a 
present or a potential customer of carborundum, or a poten¬ 
tial member of our great engineering staff, we welcome your 
interest — and your inquiries. 


TKMKEBAT1RKS CUAAhE »HAJiTH AIJA 7 in 

high altitude flight, but products by carborundum pre¬ 
vent the danger of false instrument readings arising from 
this cause. Ceramic resistors of "man-made minerals” com¬ 
pensate for variations of temperature in many special- 
purpose applications. 

Manufactured by the GLOBAR Division 


Keep your eye on 

CARBORUNDUM 

TRADE MARK 

for significant developments 

bused on **man-made minerals 99 

-THE CARBORUNDUM COMPANY, NIAGARA FALLS, N. Y.- 

Products by CARBORUNDUM include Grinding and Cutting-Off Wheels, Discs 
ond Sticks.. .Coated Abrasive Sheets and Belts...Waterproof Abrasive Paper... 
Abrasive Grain and Powders and other abrasive products... Electric Heating 
Elements and Ceramic Resistors... Grain and Briquettes for deoxidizing steet 
and iron... Super Refractory Bricks, Special Shapes and Cements ... Porous 
Filter Media and Diffusers—and are marketed under the following trademarks: 
CARBORUNDUM • ALOXITE • MX • RED-I-CUT • TEXALOX • GLOBAR 
FERROCARBO • CARBOFRAX • ALFRAX • MONOFRAX • MULLFRAX 
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Takes a lot to lay a carpet in the jungle 


The scene is “darkest Africa”. 

But Africa is lightening. Man’s quest 
for minerals, for new areas for agriculture 
and trade, is slashing ultra-modern, glar¬ 
ing-white air strips in once impenetrable 
jungle. 

Those pavers, portable air compressors, 
pumps and air tools—such as you might 
see working a city street—are Worthing¬ 
ton Blue Brutes going to “lay a carpet” 
in that hole in the jungle. 

Thus, Worthington, a major producer 
of equipment for public works, industry 


and farm, brings the fruits of American 
technical genius to the strange places of 
the world. 

And illustrates, too, how the unique 
American talent of diversification helps 
public, employees and stockholders. For 
Worthington makes many things—not 
just construction equipment and pumps, 
but also engines, water works machinery, 
power transmission, petroleum equipment, 
air conditioning and refrigeration, many 
others. 

Such diversification builds stability . . . 


makes Worthington, 112 years old, astrong 
link in the chain of American business. 

Worthington Corporation, formerly 
Worthington Pump and Machinery 
Corporation, Harrison, New Jersey. 



The Sign of Value 

Around the World 

a "- , , . ■ 

- - ---—- - —*— 


J.U 



Good Water and Sanitation—engines 
pumps • water treatment * comminutors 
air compressors • air tools 


Low* r-Co»t Manufacturing—pumps 
compressors * steam turbines * motors 
power transmission • air conditioning 
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Petroleum Products —compressors 
engines * pumps • chilling equipment 
refrigeration • decoking systems 


More Abundant Food —compressors 
fertilizer mixers • air conditioning 
refrigeration • pumps 








Speedomax instruments in a refinery 


Homocarb furnaces in auto plant 


A ircraft testing 
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y J Like to Play a Part 

in Scientific and Industrial Progress? 


Speedomax control on annealing furnace 


Research with K Potentiometer & accessories 


Speedomax control of ceramic kiln temperature 


• Because instruments are basic both to industrial 
and to scientific work, the instrument field ranks 
high in opportunity. As long as men make pig iron 
or pills, guns or butter, rockets or kilowatts or gaso- 
line, industry will use more and more instruments on 
the production line. As long as scientists ‘'unscrew 
the inscrutable 1 * they will need instruments for col¬ 
lege, Government and industrial research. 

As a result, L&N job opportunities are quite 
varied. Openings in sales engineering utilize technical 
training in the examination of processes, and in 
selection and application of correct instruments in 
industrial plants. Other openings are in research, 
product development, production, advertising, in¬ 
spection and other operations. 

We make automatic, balance-type electrical in¬ 
struments for controlling, measuring and indicating 
temperature, chemical concentration, combustion, 
frequency and load, flow and other conditions. We 
make heat-treating process equipments. We make 
lab oratory-type instruments, in forms for scientists 
from freshman to Ph.D.-plus. 


Our chosen portion of the automatic control and 
instrument field is in high-precision, high-depend abil¬ 
ity equipment. Commercially, we are one of the 
leaders; we have grown in every decade of our history, 
and continue to grow. And we are innovators; we 
pioneered many basic developments . . . are pioneer¬ 
ing others, and will continue to do so. 

Personnel-wise, the Company’s policies are modern 
and progressive. We have long had group insurance, 
hospitalization, pensions and financial assistance for 
post-college education. Compensation includes profit- 
sharing as well as salary. L&N will continue to offer 
present opportunity and a substantial future. 

Why not have a chat with our nearest District 
Office Manager? Or if you prefer, write our Per¬ 
sonnel Manager, 4915 Stenton Ave., Phila. 44, Pa. 


LEEDS || NORTHRUP 

instruments iHI tr automatic controls • furnaces 


Atlanta 

Cincinnati 

Hartford 

New York 

Seattle 

Boston 

Cleveland 

Houston 

Pittsburgh 

St. Louia 

Buffalo 

Detroit 

Los Angeles 

San Francisco 

Tulsa 

Chicago 


Jrl Ad ENT-560(1) 
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Pin-pointed for its target... 


Increasing air speeds and higher level flight pose 
ever tougher problems for bombing accuracy. 
But modern engineering takes such problems in 
stride* Today's bombardiers pin-point targets 
with bombing systems of extraordinary precision 
and nearly instantaneous action. 

Engineering and developing these and similar 
complex electronic or electro-mechanical devices 
are the work of Arma Corporation. For 34 years 
Arma has collaborated with the Armed Forces— 
and more recently the Atomic Energy Commis¬ 



sion—on such complex instruments. Adaptations 
of these systems will be readily applied to our 
industrial might in the future. Arma Corporation, 
Brooklyn, N. Y.: Mineola, N. Y.; Subsidiary of 
American Bosch Corporation. 


If you are Interested In an engineering career 
with challenging opportunities, we suggest 
you write for this booklet “Engineering 
at Arma.” Write today to Engineering 
Division, Arma Corporation, 254 36th 
St., Brooklyn 32, N. Y. 


ADVANCED ELECTRONICS FOR CONTROL 
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Volume XVI 


December, 1952 


ENGINEERING AND SCIENCE 


PSYCHOANALYSIS AS SCIENCE 


Is there any science in it at all? Here is what some researchers found 
out in trying to test some of the basic principles of psycotherapy. 


By IRNEST R. HILGARD 


Psychoanalysis is primarily a way of treating 
people who are emotionally disturbed. It is a medical 
psychology. 

When we mention psychotherapy we are talking about 
cure by psychological moans, as contrasted with cure 
by surgery, or by drugs, or by other forms of physical 
or medicinal treatment. Psychotherapy usually means a 
cure by way of conversations between the patient and 
therapist. It may be caricatured as a talking cure, if 
you will—so long as we know that this is a caricature. 

Psychoanalysts' sometimes distinguish between psycho- 
anal ysis and psychotherapy—meaning, by the former, 
the full-scale long-time analysis; by the latter, shorter 
methods of therapy. The shorter methods make use of 
psycho dynamic principles, but do not employ complete 
psychoanalytic technique. Thus, if we follow this dis¬ 
tinction, most child guidance clinics use psychotherapy, 
but the children and parents who go there for treatment 
do not get psychoanalyzed. 

I do not intend to enter here into the professional 
problems of conducting a psychoanalysis, or into con¬ 
troversy as to just where psychotherapy ends and psycho¬ 
analysis begins. I am using the word psychotherapy as 
a classificatory word for the process of achieving 


changes in emotional adjustment by psychological 
means. I am interested in what we have found out, and 
what we can find out, about how the changes in the pa¬ 
tient take place, so that these changes, and the control of 
them, may become part of established psychological 
science. 

The general conduct of a psychoanalysis has become 
familiar to the public through the motion picture, 
through cartoons in the weekly magazines, and even in 
the comic strip of the daily newspaper, with the usual 
distortions that these media produce. 

Let me describe what psychoanalysis is actually like. 
The analyst usually begins by getting something of the 
personal biography of the patient, after the manner of 
a social worker’s case history. The patient sits up and 
talks as he would to any physician. The analyst may 
have better interviewing methods, but there is little that 
is distinctive about the early sessions. 

There may be several sessions before the patient takes 
to the couch, before the typical free association method 
is used. Then the patient is taught to follow, as well as 
he is able, the basic rule: to say everything that enters 
his mind, without selection. This is much harder than 
it sounds, even for patients who are eager to co-operate 


“Psychoanalysis as Science” published in book form this month by the Stanford University Press, consists of a series of lectures delivered 
at the California Institute of Technology in the spring of 1950 . under the sponsorship of the Hixon Fund . The lecturers—and authors: 
Ernest R. Hilgard, Lawrence S, Kubie, and E. Pumpian-Mindlin. The article above has been extracted from Dr. Hilgard* s talks. 

11 






with the analyst. fri fart, the whole lifetime has been 
spent learning to be tactful, to achieve self-control, to 
avoir! outbursts of emotion, to do what is proper rather 
than what is impulsive. This all has to be unlearned 
for successful free association. 

What free association arms at is the bringing to aware¬ 
ness of impulses and thoughts of which the person is 
not aware. Because these impulses are active, but out 
of awareness, they are called unconscious. It is neces¬ 
sary to break through resistances in order to bring them 
to awareness. The role of the psychoanalyst is, essen¬ 
tially. to help the patient break down these resistances, 
so that he may face his disguised motives and hidden 
thoughts frankly, and then corne to grips in realistic 
manner with whatever problems or conflicts are then 
brought into view. 

The activity of the analyst is directed skillfully at this 
task of helping the patient eliminate resistances. He 
does this in part by pointing out to the patient the con¬ 
sequences of his resistances: the times of silence when 
his mind seems to go blank: forgetting what he intend¬ 
ed to say; perhaps forgetting to show up at an appoint¬ 
ment; drifting into superficial associations: or giving 
glib interpretations of his own. The analyst riot only 
calls attention to signs of resistance, but he also inter¬ 
prets the patient’s associations iri such a way as to facil¬ 
itate further associations. 

Interpretations—shallow and deep 

Otto Feniche ! 1 defines interpretation as “helping some¬ 
thing unconscious to become conscious by naming it at 
the moment it is striving to break through.” If this 
is accepted, then the first interpretations are necessarily 
fairly “shallow” ones, the “deeper” interpretations wait¬ 
ing until the patient, is ready for them. 

The deeper interpretations are the ones we often think 
of iri characterizing psychoanalysis, hut very much of 
the lime iri an actual psychoanalysis is spent in rather 
matter-of-fact discussion of attitudes toward other peo¬ 
ple and toward oneself as they show themselves in daily 
life without recourse to universal symbols, references 
to libidinal stages, and so on. 

Not all psychoanalysts agree on just how interpreta¬ 
tions should be made, or when they should be made, 
and it is my guess that those who think they do agree 
may actually behave quite differently when conducting 
analyse? of their patients. This is one reason why it is 
difficult to study psychoanalytic therapy—and a reason, 
also, why there are so many schisms within psycho¬ 
analytic societies. 

Another aspect of the psychoanalytic therapy goes by 
the name of “transference.” Transference refers to the 
tendency for the patient to make of the analyst an object 
of his motivational or emotional attachments. It is too 
simple to say that the patient falls in love with the 
analyst. Sometimes he makes of the analyst a loved 
parent, sometimes a hated parent; sometimes the analyst 
substitutes for a brother or sister, or for the boss at 
the office. The patient unconsciously assigns roles to 


the analyst of the important people in the patient's own 
life. Part of the task of the analyst is to handle the 
transference. The word “handle* is easily spoken, but 
this handling of the transference is said to be the most 
difficult part of the analyst's art. 

The psychoanalytic interview' is a social one. an inter¬ 
personal one. with two people involved. The analyst is 
a person, too. and he reacts to the adoration and abuse 
of the patient he is analyzing. He is a good analyst to 
the extent, that he understands himself well enough so 
that he preserves his role in the analytic situation, arid 
does not himself become involved, as his patient is. in 
what is called couritertransference—that is. using tin 
patient a? an outlet for his own emotions. 

I have gone this much into detail here because tfir 
public does not always understand why psychoanalysts 
insist that thev must themselves be analyzed. The reason 
is that they could not otherwise handle the problems 
of transference with the kind of detachment that is nec¬ 
essary if the patient is to he helped. The reason is not 
that they must have a laying on of hands or special in¬ 
doctrination in order to transmit the faith held bv their 
therapist. If it works that way, as it occasionally 
does, then the training analysis has been unsuccess¬ 
ful iri achieving its aim (as it undoubtedly is in some 
instances). 

To make the blanket charge that psychoanalysis is 
unscientific because the method requires that the analyst 
himself be analyzed is unwarranted, although this charge 
is commonly made. There is a danger that analysts be¬ 
come too doctrinaire. If you ask an analyst about his 
theoretical position, he may reply by telling you under 
whom he had his analysis. There are parallels in other 
sciences as well. A biologist's or a physicist s work often 
reflects the master under whom th£ scientist studied. 
There is need for caution in both instances. 

Because there is danger of indoctrination does not 
mean that there are not ways of avoiding that danger. 
For example, psychoanalysts profit greatly from doing 
control analyses under more than one training analyst, 
representing somewhat divergent viewpoints. Postdoc¬ 
toral fellows in the natural sciences often prefer to wmrk 
in laboratories at a different place from the one in which 
they received their training, in order to break their pro¬ 
vincialism. It may be that a personal analysis is as essen¬ 
tial to conducting a psychoanalysis as learning calculus 
is to becoming an engineer. The problem then becomes 
how to achieve the gains and avoid the pitfalls. 

Disturbance in analysts 

Very often there is within the midst of psychoanalysis 
a state iri which the patient is more disturbed than he 
was before entering treatment. Those unfriendly to psy¬ 
choanalysis occasionally use this as an indication of its 
therapeutic ineffectiveness. 

Two comments can he made here. First, what appear? 
to others to be disturbance may not be “neurotic” at all. 
Some individuals are excessively kind to other people, 
at great cost to themselves, ff they suddenly express 
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their feelings more openly, they may become less pleas¬ 
ant to live with or to work with, because they can no 
longer be exploited. The troublesome child may be a 
healthier child than the child who is too "'good.’ 5 If a 
person changes, new social adjustments are required, 
and some that were in equilibrium now gel out of focus. 
This is the first observation regarding apparent disturb¬ 
ance in the midst of analysis. 

The second comment is that the disturbance in the 
inidst of analysis may be a genuinely neurotic one, an 
aggravation of the typical transference. That is, the 
substitution of the analyst for other figures emotionally 
important to the patient may produce an emotional 
crisis, in which the patient actually acts more irralion- 
ally than before treatment. If this crisis is well handled, 
the patient emerges the better for it. Although some 
analysts believe that such crises are inevitable in an 
analysis, others attempt to ward them off by such devices 
as less frequent therapeutic sessions wfieri transference 
problems become too hard to handle. In any case, the 
fact that an aggravated transference neurosis may occur 
does not invalidate the therapeutic usefulness of psy¬ 
choanalytic technique. 

Three words often crop up in discussion of what is 
taking place as the patient improves. These are ^abre¬ 
action,’' “insight,” and ‘"working through.” 

“Abreaction” refers to a living again of an earlier 
emotion, in a kind of emotional catharsis literally get¬ 
ting some of the dammed-up emotion out of the system. 

“Insight” refers to seeing clearly what motives are 
at work, what the nature of the problem is. so that in¬ 
stinctual contlicls, as psychoanalysts call them, are rec¬ 
ognized for what they are. Insight is not limited to the 
recovery of dramatic incidents in early childhood that 
were later repressed. Sometimes such insights do 
occur and sometimes they are associated with relief of 
symptoms. 

The process of working through 

But neither a single Hood of emotion in abreaction 
nor a single occasion of surprised insight relieves the 
patient of his symptoms. He requires, instead, the proc¬ 
ess of “working through,” that is, facing again and 
again the same old conflicts and finding himself reacting 
in the same old ways to them, until eventually the slow 
processes of re-education manifest themselves and he 
reacts more nearly in accordance with the objective de¬ 
mands of the situation and less in accordance with dis¬ 
tortions that his private needs create. 

It is chiefly because the process of working through 
takes so long that psychoanalysis takes so long. The 
ps) choanalyst often has the basic insights into the pa¬ 
tient’s problems quite earl) in treatment, but the patient 
is unready for them and could not understand the analyst 
if he were to insist upon confronting him with these 
interpretations. 

1 have sometimes likened an analysis to the process 
of learning to play the piano. It is not enough to know 
what a good performance is and to wish to give one. 


The process has to be learned. The learner may know 
all about musical notation and may have manual skill 
and musical appreciation. But there is no short cut. 
Even with a good teacher the lessons must continue week 
after week before the player can achieve the kind of 
spontaneous performance he wishes to achieve. We do 
not begrudge this time, because we believe that the end 
is worth ii. 

What the analyst is attempting to do is far more com¬ 
plex than what the piano teacher is attempting to do. 
The skilled management of a life is more difficult than 
the skilled management of a keyboard. 

It must be clear by this time that laboratory experi¬ 
mentation that preserves anything like the richness of a 
psychoanalysis will be very difficult indeed, if not, per¬ 
haps, impossible. 

Animal and human experiments 

With this background, we may well wonder whether 
there is any profit in attempting to study psychotherapy 
using animal subjects. Surely they will noL free-asso¬ 
ciate, develop resistance, and improve through the care¬ 
ful handling of the transference. What meaning can 
abreaction, insight, and working through have for them? 

As a matter of fact, the outlook is not so bleak as 
might be supposed, and a number of studies have been 
concerned with the induction of neuroses in animals 
and with the therapy of these artificially induced 
neuroses. 

But our primary interest in therapy is in the treatment 
of human illness, so that experiments that study thera¬ 
peutic principles directi) with human subjects have a 
cogency that experiments with animals can never have. 

One kind of venture is that which seeks to evaluate 
the relative success of different kinds of therapy with¬ 
out any experimental control of the therapy itself. Such 
investigations are important, but the scientific generali¬ 
zations from them are bound to be meager. They may 
tell what kind of patient ought to go to what kind of 
physician, but then we would still have to ask why one 
is more successful than the other. We might find, for 
example, that Alcoholics Anonymous did more than psy¬ 
choanalysts for alcoholics. But this would be only a 
start in further inquiry. Today we are concerned with 
what goes on within psychotherapy, not with what kind 
of therapeutic arrangements are to be recommended in 
the community. 

1 wish to give one illustration of the kind of data that 
can be obtained from therapeutic sessions that deal with 
the course of treatments of real people who come to a 
psychotherapist for help. Sometimes scientists use data 
that the) create for experimental purposes; sometimes 
they turn available data to scientific use. This first illus¬ 
tration is the kind of situation in which available data 
are turned to scientific account. 1 refer to some studies 
of short psychotherapy made by Car] Rogers- and bis 
students in the counseling center at the University of 
Chicago. 

To those of us oriented in the field of contemporary 
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clinical psychology, it may seem somewhat surprising 
that T bring Rogers into a discussion of psychoanalysis, 
for he is. in some sense, an enemy, or at least a com¬ 
petitor. But a person in trouble, who is being counseled, 
is not concerned about the theory that is being used 
on him. He is burdened by his troubles, and if he finds 
relief and we discover how. the principles are important 
ones, no matter who his therapist is. 

In some sense. Rogers’ antagonism to psychoanalysis 
produces interviews that reveal better than psychoanalysis 
itself some of the principles about which analysts speak. 

Nondirective therapy 

Rogers* method, known as nondirective therapy, con¬ 
sists in a supportive therapy based primarily upon the 
permissiveness of the therapist. An effort is made to 
avoid getting embroiled in transference, and interpre¬ 
tations are at a minimum. The therapist listens atten¬ 
tively and reflects the feeling in the assertions of the 
patient, avoiding evaluations or judgments of his own. 
What then happens during successive sessions? 

Rogers and his students have systematically recorded 
what is said in their interviews, using the modern elec¬ 
tromagnetic records. Secretaries are taught to transcribe 
the 6i mmV’ and “ah's” and to note the length of rest 
pauses. Hence it is possible to make detailed content 
analyses of the interviews to give quantitative answers to 
some questions about what goes on. 

It is said, for example, that in the early interviews 
the patient commonly restates his problem, returning 
over and over again to the same point of difficulty, but 
after he has been in the situation awhile he gradually 
achieves insight, and these occasions of insight arc 
signs of therapeutic progress. 

By carefully coding what is happening in the inter¬ 
views we may ascertain whether or not this inarch of 
events does in fact go forward. On the chart below are 
plotted the average results of ten cases for whom there 



Chart shows changes taking place in patients during 
brief psychotherapy. Restatements of the problem de¬ 
crease relative to increase of insight and understanding, 
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were from three to nine interviews each. When the rec¬ 
ords are divided into fifths, we see that the statement and 
restatement of the problem decreases relative to the in¬ 
crease in statements revealing insight and understanding. 

One can imagine a real experimental design superim¬ 
posed upon a process of this sort. For example, at some 
stage the therapist might deliberately introduce inter¬ 
pretations of the kind carefully avoided in the non¬ 
directive method. If the height of the line showing 
statements of insight and understanding increased, by 
this criterion, the interpretation would be shown to be 
helpful: if the line were to taper off, it would show that 
the interpretations slowed up the progress. 

One of the chief advantages of Rogers' method for 
purposes of research on psychotherapy is that it pro¬ 
vides a highly disciplined interview technique, with 
minimum active participation by the therapist. Hence 
other methods might well use it as a control method, 
noting how the other methods accelerate or slow up prog¬ 
ress. Fortunately, the consequences of Rogers* nondirec¬ 
tive method are generally benign, so that no harm would 
he done in using it as a reference method. 

A start has been made in I he direct ion of comparing 
two methods in a very ingenious experiment by C. D. 
KeetA 1 wish to describe his experiment in some detail 
because it serves as a useful model of experimental de¬ 
sign in this difficult field. If its results are substantiated 
by others. I believe thal the experiment will prove to be 
something of a landmark. 

Comparing counseling techniques 

Thirty normal subjects participated in this experiment, 
designed to compare the effectiveness of two counseling 
techniques in overcoming a conflict symptorriatized by 
the inability to recall a word just memorized. Through 
a cleverly devised method, the subject learned a list of 
six words, including a critical word to which be had 
shown emotional responses in a word association test. 

The word association test was the one made familiar 
by Jung. A list of one hundred words is read off to the 
subject, one word at a time. The subject is instructed 
to reply as promptly as possible with the first word that 
he thinks of. The experimenter notes the word, and 
records the time of response with a stop watch. The list 
is gone through a second time. Emotional conflict is 
shown in a number of ways, according to what have come 
to be known as ‘complex indicators.** These include far¬ 
fetched responses, failure to respond, repeating back the 
stimulus word, repeating an earlier response, and so on. 

In this experiment two complex-indicators were 
chosen. First, those words were selected for which re¬ 
sponses were changed from the first to the second read¬ 
ing. Second, among these words, that one was chosen 
for the purpose of the experiment that bad the longest 
reaction time. 

By this strictly objective method, a critical family of 
three words was selected, one stimulus word and the two 
words given as responses to it on the two trials. In the 
example to which we are about to turn, the set of key 





words- was ’’nasty—messy— mean. That is. to the word 
"nasty” the subject had replied ’’messy" after a delay on 
the first, trial, and then on the second trial had replied 
"mean," but also after a delay. 

The critical stimulus word was then imbedded in a 
list including five neutral words. Subjects experienced 
no difficulty in learning and remembering this list of 
six words. Hut now a new list of six words was mem¬ 
orized, producing some interference with recall of the 
first list. 

We experimental psychologists have a fancy expres¬ 
sion for this interference. W e call it retroactive inhibi¬ 
tion. When the effort was made to recall the first list, 
twenty-five of the thirty subjects forgot the critical word 
hut remembered the remaining five neutral words. We 
here see the activity of a moderate repression. The emo¬ 
tionally loaded word is forgotten when conditions for 
recall are made slightly more difficult, even though the 
word was freely recalled in the process of memorizing 
the list of six words. Subjects felt very annoyed that they 
could not recall this word that was "right on the tip 
of the tongue.” 

This ’"microneurosis” provided an opportunity for 
short therapy, the success of the therapy to he judged, 
first of all, by the recovery of the forgotten word. Two 
therapeutic techniques were compared. One of these, 
called the "expressive technique." was permissive, and 
allowed expression of feeling. It was very close to 
Rogers' nondirective technique. As used in this experi¬ 
ment it was unsuccessful. It failed in all thirteen of 
the cases with whom it was used. That is, none of the 
thirteen recovered the forgotten word during the thera¬ 
peutic session. 

The second technique, called the "interpretive tech¬ 
nique," had all the features of the first, hut added the 
more active interpretive comments of the therapist at 
appropriate times. Thus to the insights of the client were 
added those of the therapist, at, of course, a "shallow” 
level from the point of view of psychoanalysis. Rut the 
method deviates from the Rogers method in the direc¬ 
tion of the psychoanalytic method. The method was 
highly successful. Eleven of twelve subjects met the first 
criterion of therapeutic success; that is, they recalled the 
forgotten word within the therapeutic session. 

Interpretation and recall 

The question we wish to ask is this: Just how did in¬ 
terpretation help to bring-about the recall of the for¬ 
gotten word? The author, keet. suggests that through 
interpretation his subjects were freer to use normal asso¬ 
ciative processes. Then the affective experience that de¬ 
termined the failure to recall came into awareness. Once 
tlie affective experience was in awareness, the conflict 
over recall could he resolved, because the subject was 
able to recall the circumstances under which the critical 
word was forgotten. 

1 wish to present a verbatim account of one of KeeTs 
interpretive therapeutic sessions, to illustrate the nature 
of his interpretations and provide evidence that will per¬ 


mit us to judge whether or not the consequences are 
as he describes them. 

Therapeutic interview 

The subject, a young married woman, replied to the 
word "nasty” first with the word "messy,” then with the 
word "mean.” Because both of the replies were Jong 
delayed, the word "nasty” was chosen as the critical 
word in the memory experiment. She first memorized 
the following list of six words: green, make, ask, nasty, 
paper, sad. This she did without difficulty. Then she 
learned another list of six words. The memory method 
used was somewhat unusual, hut 1 am not going to take 
the time to give the details. After the memorization of 
the second list she was asked to recall the first. It is at 
this point that the therapeutic interview took place. 

Kxpkbimexter: Now please repeat the first set of key 
words. 

St.BJ rxj (confidentlyJ: Green, make, ask, paper, sad. (A 
pause followed with the experimenter looking inquiringly at 
the. subject.) Wait a minute, there were six and I hate only 
the. Thafs-silly. Of course there were six. I should be able 
to remember the sixth one. Let me see. (been, make, ask, 
sad. paper. No. lhatV wrong. Pape 3 * eornes before sad. That’s 
right, isn’t it ? 

E; You want me to help > 011 . [This is a characteristic 
Rogers nondirective response. | 

S: If you would only tell me that, then I would perhaps 
remember the missing word. (Pause.) it’s annoying. . . ♦ 
It’s funny.1 know it was in the fourth place, wasn't it? 

E: Try to work it our by yourself, by . . . 

S: I see you want me to recall the word by myself. 

E: That would be more satisfying, wouldn’t it? 

b: Sure. I mean it is always nice to solve a little problem. 
It’s quite an easy job remembering six words after you’ve 
said them several times. (She mores in the chair and gives 
rent to little sounds of annoyance ... a considerable pause.) 

E: You are quite annoyed with yourself. 

S: Yes. I am, why should i be so stupid. . . . Green, make, 
ask, blank, paper, sad . . . sad, paper, blank ask. Oh, that 
will be no use, (she tries again , counting on fingers and 
apparently saying the words silently , Makes exclamations of 
annoyance.) Is it bread? No, it isn’t. That’s in the second 
lot. . . . Is it bread? 

E: We agreed that it would perhaps be better ii you tried 
to remember it yourself. 

S: J am too annoyed to think clearly. All sorts of words 
pop into my mind. Is it all right if I say them? 

E: You are free to go about it any way you please. 

S: Well, the last set was water, long. try. bread . . . er 
. . . er . . . bird, wasn’t it? 

E: You do want help, don't you? 

S (laughs heartily/: os, Iin all mixed up. Jf J could get 
certainty on the last list it might help me to remember. 

E: You feel confused. 

b (laughs): ^es, all mixed up and disturbed. It’s funny 
that I can remember the last list and not the Hist one. One 
word in the first one: blank, blank, blank. That’s no good. 

1 shall have to give up. 

E: You are quite free to do that, you know. 

Up to this point the interview lias followed the general 
pattern of the expressive technique. The experimenter 
has been permissive, has recognized the subject’s feeling, 
hut has not interpreted. The permissiveness of the ex¬ 
perimenter’s last response ("You are quite free . . .”) 
releases a good deal of expressed emotion in the next 
response. This is the kind of therapeutic consequence 
claimed for the nondirective method. The first response 
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classified as an interpretation follows this release of 
feeling hv the subject. 

S: i tujLt - a refief. You think me \erv stupid. don't youV 
fLaugh vj I suppose f arn. o-allw T should he able to recall 
the word. Ft i- mn-t exasperating. [ feel quite anfffj with 
you. sillin'* there -mug and ^elf-satisfied. Could you do it? 
i mean hmc you tried it on yonr-elf? (She laughs when she 
'tees the experimenter smiling.) Oh. i- tfie word “preen"? 
That doesn't ^eem to rinp tfsiiie true. F arn <tirc it is not 
“preen." I went oversea* once arid pot quite «easick . . . 
turned preen . . . (pause). 

1 Now 1 note that the experimenter departs from the non- 
directive method to offer a simple interpretation.J 

K: Pirhaps there i* something about the word itself. . . . 

V ou may have had *oirie experience, or something lik* tliat. 

S: 1 often n-ed to Fed sick when 1 pot anpry. I did a mo¬ 
ment apo. .1 u-t {he faintest feelirip in rny stomach wFien I 
felt a F)it unprj with you. 1 was wry seasick when I went 
to Europe. Turned pasty and preen. ... 1 was all alone . , . 

I Fie younpesl in a *v\ imminp tram. Pasty, (Pause.) 

| You will notice the similarity between the won! ‘‘pasty" 
and the wok! -Fie j- living to recall, which i* "na-ty." The 
experimenter *tay* with the problem of Firt feelings, how¬ 
ever. I 

E: You say you feel « little nauseated wFieri you are anpry. 

S: Yes. whenever rny si* ter and 1 quarreled and I pot 
very anpry F wiis miu-eated. Om e f even pot -irk and vom¬ 
ited. T didn't like- the rnrs-. F Fiis h riot *n F»ad nowadays. 
Only wlien I try to hold my irritation bar k. then I pet it. 

1 always thought rny dster was stronger than I am, We used 
to have real fight - sometimes, f Laughs.) F don't fed so con¬ 
fused any more. On you think the* blank*. Idank word . . . 
(laughs) F can't remember it yet. < an it have something to 
do with my quariding witFi my *ister? My father liked her 
very much more than He did rne. (Pause.) 

Pi- Maybe. And perhaps it i- connected with some more 
recent experience. 

[These interpretations hv rhr c\peiimenter'rnay seern to Fie 
very trivial. Fait tFieir importance lies in tFieir timing. FFe Find 
noted in the subject's hesitation at thi* point something that 
might Im* interpreted a- a thought near to expression. Flei 
response proves tFie correctness of his hunch.) 

S: You mean with rny husband. . . . Oh. that just -lipped 
nut. f Laughs.) Now F Fiave said it. I might as well tell you 
we had a quarrel the other day -a rather Flitter one. (Pause.! 

1 still think Fie was \erv mean. (ith some /indit theness.) 
WFien people get nasty like that F pep very anpry. F mean 
nasty. Of course, that is the word. "Nasty." Well. 1 never. 
Flow do you like that! Do you really think this has something 
to do with my quarrel with rny hii-band? It is very funny. 

The success of the cases in which there were these 
rather simple interpretative intrusions as contrasted with 
those in which interpretations were avoided gives clarity 
to tfie mariner in which such interpretations help pene¬ 
trate a thin veil of resistance. The element of surprise 
at what she discovers is. by the way. characteristic of tfre 
insights that come in psychotherapy. 

Rut 1 arn not yet through talking about this experi¬ 
ment. So far vve have seen one iFierapentic result: the 

recall of a word that had undergone repression within 
the experiment. 

The second cycle 

The experimenter was not satisfied with this, for that 
would he mere symptom alleviation. Therapy must go 

deeper than that. Mow. Fie asked, did tfie therapy here 
go any deeper, or, to put it another way. can any gen¬ 
eralization or spread of its results F»e detected? 

The second cvcle of the experiment was almost a 
repeat of the first, hv again introducing tfie learning 

of a list, the learning of a second list, and then the 

attempted recall of the first. Rut this time one of the re¬ 
sponse words in tfie critical set was used. Tfie subject 


who said to “nasty** first “messy" arid then “mean" is 
now asked to leant a list in which the first response 
word i “messy ) is included. 

Tfie conjecture is as follows. 11 the therapy really 
released some of the emotion or producer! some insight 
connected with the disturbing set of key words, then 
tfie repressive tendencies should have been weakened. 
Hence, those whose therapy wa^ unsuccessful should 
repress tfie new word, while those 1 whose therapy was 
successful should be able to recall the word without 
trouble. 

The conjecture was completely substantiated. Those 
who forgot and never recovered the original stimuli^ 
word in the first part of the experiment also forgot the 
response word in the second part of the experimerit: 
those who forgot, hut later recovered tfie stimulus word, 
had no trouble in recalling the response won] in tfie 
second cycle of the experiment. 

A useful pattern for future work 

ff we take the experiment at its face value it is a 
beautiful epitome of much that is said to go on within 
psychoanalysis, f have no reason to doubt the experi¬ 
mental findings, except that psychologists are brought 
up to be skeptics, and f shall not rest happy until some¬ 
one repeats and confirms the experiment. Whether or 
not the results in a repetition turn out as decisive as 
Keet’s results, F believe he has set a very useful pattern 
for further work. 

There are several very good features to Kept* ex¬ 
perimental design. 

i\) In the first place, the subjects are selected from 
the general population for the purposes of the experi¬ 
ment. They are not people who rorne to a physician be¬ 
cause they believe themselves to be sick. 

(2) In the second place, a symptom is produced 
under laboratory conditions, so that an element of con¬ 
trol is introduced. 

f?>) In the third place, the methods of therapy used 
are clear I y delineated, and criteria ol therapeutic suc¬ 
cess operationally defined. 

(1 ) Fourth, all of this is super imposed upon a recog¬ 
nition that a laboratory neurosis is necessarily con¬ 
nected with the biography of the individual. The word 
association lest in lhis experiment provides a bridge to 
the real person, so that the experiment does not take 
place in a psychological vacuum. The importance of 
this is readily recognized wFieri you recall the highly 
personal and individual material that corncs out even in 
this verv brief psychotherapeutic session. 

The main points that f have been emphasizing in these 
lectures are that it is possible to experiment in this field 
and that we already have a considerable body of experi¬ 
mental results. 

1, For one tiling, il has been possible to parallel 
mam psychoanalytic phenomena in the laFioratory. 
W hen th is is done, the correspondence between predic¬ 
tions according to psychoanalytic theory and what is 
found is on the whole verv satisfactory. 
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2. A second point needs to he made. If experiments 
supporting psychoanalytic interpretations are any good, 
they ought to advance our understanding, not merely 
confirm or deny the theories that someone has stated. 

Many experiments give merely trivia! illustrations of 
what psychoanalysts have demonstrated to their own 
satisfaction in clinical work. Such illustrations may he 
useful as propaganda, or in giving psychoanalysis a 
fair hearing, but they do not really do much for science 
unless there is some fertility in them. 

Only a few of the experiments that 1 have reported 
serve this constructive role, hut these few set useful pat¬ 
terns for the future. The content analysis of Rogers and 
his students might he used to produce new knowledge 
about the course of improvement under psychotherapy. 
Keel’s experiment suggests that we may be able to 
produce and cure mild neuroses in the laboratory, 
thus making possible precise comparisons of different 
methods. 

3. A third point is that experimental work thus far 
bears most directly only on the most superficial aspects 
of psychoanalytic theory, while many of its deeper prob¬ 
lems arc scarcely touched. 1 do not worry much about 
this, however, for if we are able to design experiments 
appropriate to the more superficial aspects, we can move 
on to deeper stages. 

We must he careful not to be trapped by the word 
"deeper,” when we think of psychoanalysis as a ''"depth” 
psychology. Two meanings are possible. An impulse 
or emotionally loaded experience may be deeply re¬ 
pressed. possibly because it is connected with something 
from very early childhood. This is the usual meaning 
of deeper. But there is another meaning. Something is 
deeply important for the individual if it is in some 
sense central or nuclear, heavily freighted with emotion. 

Depth: the metaphor and the reality 

Classical theory says that these two senses corres¬ 
pond—the nuclear con Hi els are those from early child¬ 
hood, and deeply repressed. But we may find that what 
is deeply important for therapeutic purposes is that 
which arouses depth of feeling in the present, regard¬ 
less of its relative importance at some remote time. 
Depth is a metaphor, and we need to know the realities 
to which it refers. 

There is no doubt but that psychological science will 
he advanced further, as it has already been advanced, by 
taking cognizance of the teachings of psychoalaysis. This 
would be true even though psychoanalysis were to dis¬ 
appear in the process. 

But how about psychoanalysis itself? What are its 
prospects as a science? 

Jn a trenchantly critical, albeit friendly, review ol 
the possibilities for a scientific psychoanalysis, A. LI I is 4 
notes a number of "dangers,” that is, features tending 
to delay the development of a truly scientific psycho¬ 
analysis. His main points are that psychoanalysts seem 
to prefer defending an accepted theory to an impartial 
examination of evidence, and they move too quickly to 


a complete and final explanation of events, when, in the 
present state of psychological knowledge, more modest 
claims would be both more fitting and more becoming. 

Anyone who tries to give an honest appraisal of psy¬ 
choanalysis as a science must he ready to admit that 
as it is stated it is mostly very bad science, that the hulk 
of the articles in its journals cannot be defended as re¬ 
search publications at all. Having said this, I am pre¬ 
pared to reassert that there is much to be learned from 
these writings. The task of making a science of the 
observations and relationships may, however, fall to 
others than the psychoanalysts themselves. 

Following the rules 

If psychoanalysts are themselves to make a science of 
their knowledge, they must be prepared to follow some 
of the standard rules of science. Ellis lists thirty-eight 
suggestions, although many of them overlap. Half of 
his statements warn against accepting speculative theo¬ 
ries uncritically: making a god of some one psycho¬ 
analytic authority; letting one’s own prejudices stand 
in the way of accepting contradictory evidence; falling 
into mysticism and obscurantism; seeking “complete” 
explanations. 

The other half restate the ordinary principles of sci¬ 
ence: hypotheses tentatively proposed and subject to 
empirical test; control experiments; objectively record¬ 
ed data; experiments on subjects other than patients 
under treatment; a search for contradictory as well as 
for confirmatory evidence; repetition of observations by 
independent investigators, and so on. It must not be 
implied that psychoanalysts themselves have not been 
concerned about these matters. Some suggested research 
problems and procedures will be discussed in the lec¬ 
tures by Dr. Kubie that follow. 

Whatever the psychoanalysts do about research, the 
obligation is clearly upon experimental, physiological, 
and clinical psychologists to take seriously the field of 
psychodynamics, and to conduct investigations either in¬ 
dependently or in collaboration with psychoanalysts. It 
is a tribute to Freud and his psychoanalytic followers 
that the problems faced by psychologists in their labora¬ 
tories have been enormously enriched by the questions 
the analysts have taught us to ask. 
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RECENT DEVELOPMENTS AND TRENDS 


By PETER KYROPOULOS 
and CRAIG MARKS 


y^:HAT is THE status of automotive engines today? 
How do the various powerplants compare as to 
output, hulk, efficiency? What is the trend for future 
development? 

This discussion will be limited to two basic classes 
of applications of automotive powerplants—passenger 
cars, with a power range from 100 to 200 hp; and 
highway trucks with a power range of 150 to 1100 hp. 

For these vehicles, four types of powerplants are 
worth current consideration—the gasoline engine, the 
diesel engine, the gas turbine and the compounded 
powerplant (combinations of reciprocating engines and 
gas turbines). 

Passenger cars 

A passenger car is expected lo accelerate rapidly, to 
have good hill-climbing ability, to reach maximum 
speed quickly and to have reasonable fuel economy. In 
order to reconcile these conflicting requirements with 
each other it is necessary to consider the combination of 
engine and transmission, i. e., the whole power package, 
rather than each component separately. 

It is the aim of the transmission designer to produce 
a transmission which will take full advantage of the 
inherent economy of the engine while providing the 



A. Passenger car power requirements—for level roads 
(lower curve) and hill-climbing (upper curve). 


necessary performance in acceleration and hill "climb¬ 
ing ability 1 . 

A design for given vehicle performance is based on 
power-required and power-available curves. Typical 
curves of road load horsepower for a passenger car 1 are 
shown in Chart A. The lower curve represents level 
road power required, the upper one shows power 
required for satisfactory acceleration and liill-climing 
ability. 

The power delivered by the engine at any engine 
speed is shown in Chart R. plotted against values of 
specific fuel consumption. Operating the engine at con¬ 
stant speed and varying throttle settings results in one 
of the dashed curves of this chart. These curves arc 
the so-called fish-hooks or consumption loops. For each 
speed there is. one power of minimum fuel consumption. 
Especially at the lower engine speeds, fuel consump¬ 
tion increases rapidly if the power is changed ever so 
slightly in either direction away from the point of mini¬ 
mum consumption. The solid curve envelops all con¬ 
sumption loops. It represents, then, for all possible 
powers, the absolute minimum fuel consumption of this 
engine. Operation of a vehicle powerplant on this min¬ 
imum curve would only he possible with an ideal trans¬ 
mission which would automatically adjust the engine 



BRAKE HORSEPOWER 


B. Fuel consumption as a function of power and engine 
speed . Typical passenger car engine . 


This article has been adapted from a paper presented before the California Natural Gasoline Association. October UK / 9o2. 
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IN AUTOMOTIVE 


POWERPLANTS 


?peed to that required for auy desired power output. 

The efforts of engine designers are directed towards 
lowering this curve. Two steps are taken to accomplish 
this: (I) Increase in compression ratio; (2) Improve¬ 
ment in breathing. 

The effect of increased compression ratio, both on 
power and fuel consumption, has been studied 2 , as well 
as advertised extensively. Chart C shows the percent 
gain in power and decrease in fuel consumption for a 
typical modern V-8 engine, referred to 8:1 compres¬ 
sion ratio as a base. The improvement is appreciable. 
j\o insurmountable design problems have arisen from 
increased compression ratios. Although octane re¬ 
quirements increase with compression ratio, this is an 
economic problem rather than one of engineering. If 
demand warrants production of such high octane motor 
fuels, they will be available. 

Improved breathing can be brought about by super¬ 
charging as well as by proper manifolding 3 . This is 
illustrated in Chart D. Data represent production en¬ 
gines rather than experimental types and hence reflect 
realistically what can be expected. 

General problems arising in connection with the ap¬ 
plication of superchargers to reciprocating engines will 
be discussed later. 

Engine-transmission relationships 

Returning to Charts A and B, it becomes apparent 
that the level road power-required is considerably" 
smaller than the-power-available. For example, at 25 
mph approximately 5 hp are needed. In Chart B this 
corresponds to an engine speed of 400 rpm with a con¬ 
sumption of 0.6 Ibs./bhp-hr; however, with present- 
day transmissions, the engine is rarely ever at its mini¬ 
mum fuel consumption. The ideal transmission would 
keep the engine operating on the solid (minimum) 
curve of Chart B at all times. 

W hat this means in economy potential is shown in 
Chart E 1 . in which the brake specific fuel consumption 
has been translated into the more tangible miles per 
gallon at road load. The ideal transmission curve rep¬ 
resents the best obtainable mileage from the given en¬ 
gine. Comparison with the curve representing a typical 
stock car shows a possible improvement by a factor of 
two at around 30 miles per hour. 

It should he emphasized that this gain is possible 
merely by developing a transmission which fully util¬ 
izes the potential of the engine. Any improvement in 
engine performance can be added to this gain. It is 
concluded that the proper matching of engine and 
transmission represents the most fundamental problem 
in vehicle development today. It is obviously not lim¬ 
ited to the passenger car field. 





C. Change in fuel consumption and power with com¬ 
pression ration. (CM research engine.,) 



0 10 20 30 40 50 

ENGINE RPM - HUNDREDS 


SUPERCHARGING SPECIAL MANIFOLD 

D. Change in power and fuel consumption for produc¬ 
tion engines with supercharger and special manifold . 



CAR SPEED-MPH 

E. Economy of passenger car with standard and ideal 
transmission . (CM research engine.) 
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CADILLAC TEST CAR DATA 

(1951 and 19XX cars are equipped with hydramatic transmissions). 



1915 

1935 

1951 

1 9XX 

Bore (inches) 

3'/s 

3% 

3 is 

3% 

Stroke (inches) 

5'/s 

4|| 

3% 

3% 

Displacement leu. in.) 

314 

353 

331 

287 

Compression Ratio 

4.25 

6.25 

7.50 

12.0 

Brake specific fuel cons. !b bph-hr 


0.63 

0.55 

0.46 

Miles per gallon at 50 mph 

6 .B 

11.5 

18.6 

25.5 

Max. Brake torque (ft lb) 

152 

234 

268 

266 

Max. bmep (psi) 

73 

100 

122 

140 

Max. bhp 

77 at 2600 

108 at 3000 

133 at 3600 

148 at 4000 

Hp/cu. in. 

0.245 

0.306 

0.402 

0.522 


Wheelbase (inches) 

122 

128 

126 

126 


Curb Weight (lbs) 

4140 

5050 

4440 

- 4440 

Eng. rpm/mph 

46.5 

51.4 

40.2 

| 32.9 

Axle Ratio 

5.07 

4.6 

3.36 

| 2.75 



It is interesting to note, at this point, the effect of 
engine size (displacement) on economy, assuming the 
ideal transmission to be available. Chart F 1 shows a 
comparison of economy for three engine sizes. The 
advantage of the smaller engine is derived from the 
reduced throttling necessary for low power output; 
however, this advantage is not as great as might be ex¬ 
pected, even at low speeds. At higher car speed it prac¬ 
tically disappears. There is, on the other hand, ho in¬ 
centive to build engines with greater displacement vol¬ 
umes. The trend is towards smaller displacements with 
a possible Optimum around 250 Cti. in. 

In order to put those minds at ease which might be 
alarmed by this discussion of a non-existent, hypotheti¬ 
cal ideal transmission, Table l 4 is shown above. It 
represents a comparison of Cadillac cars tested simul¬ 
taneously/ and illustrates the economy trend realized 
through engine development only. Even without the 
ideal transmission, the 19XX car manages to show 



F. Economy of passenger car with ideal transmission 
and engines of different displacement . 


an appreciable gain in economy over the 1951 model. 

The table further indicates the trend in displacement 
volumes. The brake horsepowers listed for the I9XX 
car seem to contradict the 1952 practice, which has be¬ 
come known as the “horsepower race.” It is admitted 
among engine designers that much of this race has more 
advertising value than engineering merit. 

For several reasons, there have been no attempts in 
the U. S. to utilize diesel engines in passenger cars. 
The small diesel has particularly poor part-load econ¬ 
omy when compared with gasoline automotive engines. 
This, combined with such problems as smoking, the 
high cost of maintenance of injection systems, and 
poor starting in cold weather, makes this engine unde¬ 
sirable for passenger car service. 

The gas turbine, likewise, is not particularly suited 
for passenger car service-—a fact we will consider 
later on. 

It must be borne in mind that the present gasoline 
engine has been developed until it is an extremely 
reliable powerplant, and production as well as servic¬ 
ing facilities are well established. To overcome this 
head start, any potential substitute must exhibit a real 
and present advantage, as well as promising future im¬ 
provements to match those which are expected from the 
gasoline engine. 

Trucks 

Truck power pi ants can be expected to undergo the 
most extensive development in the next ten years. Much 
of the incentive for this will come from the problems 
arising in highway trucking in the Rocky Mountains 
and on the West Coast. Let Us formulate the require¬ 
ments: a truck-trailer combination of 75,000 lbs. gross 
weight should be able to travel on grades from 3 to 
7 percent at altitudes up to (3000 feet at speeds of not 
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less than 45 miles per hour. These requirements demand 
powerplants of the order of 1100 hp; however, no such 
engine of reasonable size and price is now available 
for use in commercial vehicles. 

Two primary requirements for this power plant stand 
out: (1) High output per cubic foot of power plant 
space; (2) Reasonable economy in cents per mile. 

For the reciprocating engine this means high output 
per cubic inch of displacement and a strong advantage 
fpr the large diesel engine—which has a low fuel con¬ 
sumption? as well as being able to use a fuel that js 
inexpensive compared to high octane gasoline. This 
is the reason for the present predominance of diesel 
engines in large trucks. 

It should be noted that attempts to utilize Bunker 
G fuel oil in conventional diesel engines have not so 
far been successful, because of excessive variation in its 
properties. Certainly it is worth bearing in mind that a 
powerplant which can be designed to utilize these low 
grade fuels is in a strong competitive position cost-wise. 

High output per cubic inch displacement points to 
supercharging in both gasoline and diesel engine. 

Supercharging 

The four-stroke diesel is best suited for supercharg¬ 
ing? and considerable development is under way in this 
direction. Since superchargers have been used exten¬ 
sively and successfully on reciprocating aircraft en¬ 
gines? we are often tern pled to assume that app 1 i cation 
to vehicle engines should be a matter of course. This 
is by no means the case. The aircraft engine is basic¬ 
ally a constant speed engine and transients ate a minor 
part of its operation. The vehicle engine? on the other 
hand, seldom operates at one speed for extended per¬ 
iods. It is constantly accelerated and decelerated. 
Around this fact are centered the problems of super¬ 
charging vehicle engines. 

Supercharging may be done either by means of a 
positive displacement pump (a Roots-type blower), or 
a centrifugal blower—driven mechanically? or by an 
exhaust gas turbine. 

The mechanically driven Roots blower is well suited 
for variable speed operation but has relatively low r effi¬ 
ciencies. The centrifugal hlower is capable of high effi¬ 
ciencies but only over a limited range of Hows. It is 
therefore not very adaptahje to variable speed engine 
operation. 

Axial How compressors are not attractive for use on 
vehicle engines because of their excessive space re¬ 
quirements and cost? even though they promise high 
efficiencies. 

The use of exhaust energy to drive the supercharger 
is thermodynamically highly desirable? since the power 
required to drive the blower is obtained from residua] 
energy in the exhaust, whereas the mechanically driven 
supercharger uses engine power output directly. The 
turbocharger is not satisfactory, however, for applica¬ 
tions which have stringent requirements for flexibility 
over a wide range of speeds and loads — such as 


are encountered constantly in vehicle powerplants. 

It might be well to indicate at this point the order 
of magnitude of supercharge pressures and blower 
speeds. Typical pressures range from 37" Hg absolute 
at 1200 engine rpm and 22,000 blower rpm to 49" Hg 
absolute at 2100 engine rpm and 3$?QQQ blower rpm. 
Roots blower speeds are lower and pressures higher at 
low engine speeds. The high speeds of the centrifugal 
blower indicate that the blower drive design problem is 
serious? especially if engine speeds vary rapidly. The 
high inertia of the rotating impeller imposes very high 
loads on the blower drive during changes in speed. 

Considerable development work is needed before 
satisfactory powerplants will be produced which match 
in reliability the unsupercharged engines. High per¬ 
formance centrifugal superchargers for variable speed 
service must be produced. 

Octane requirements of supercharged gaspline engines 
are high, and present the same problems which the high 
compression engine presents. Anti-detqnaut injection 
for truck powerplants has beep developed and is satis¬ 
factory. These facts notwithstanding, the advantage is 
with the diesel engine. 

Weight and size of the reciprocating vehicle engine 
get rapidly out of hand as the power increases. The gas 
turbine then becomes at once an interesting possibility 
for vehicle (truck) applications in this high power range. 

The gas turbine 

The rapid development of gas turbines during the last 
10 years has attracted considerable attention. Neverthe¬ 
less? the basic theory was worked out and understood 
45 years ago. Recent work has been directed towards 
making this powerplant reliable and competitive with 
other types. Applications have been made principally 
in the field of aircraft propulsion and power generation? 
both stationary and for rail service. 


The Boeing truck gas 
turbine (beloiv), with 
a schematic diagram 
of its components 
(right). 




1 = COMPRESSOR 

2 = COMPRESSOR TURBINE 

3 = COMBUSTION CHAMBER 
4- POWER TURBINE 

= POWER TAKE-OFF 
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COMPARISON OF BOEING TRUCK TURBINE WITH OTHER POWERPLANTS 



Model 502 

Aviation 

Gasoline 

High 5peed 

Diesel 

Gasoline 

industrial 

Automotive 

♦Part numbers In Engine 

175 

310 

480 

396 

♦Number of Parts in Engine 

220 

825 

1400 

881 

Number of Close-Tolerance 

Running Fits 

16 

too 

135 

100 

Max, Bhp 

180 

180 

180 

180 

at rpm 

36000 

2700 

1100 

3600 

Engine Weight-—Pounds 

200 

395 

2000 

1500 

Length—Inches 

38 

38 

70 

55 

Width—Inches 

22 

32 

30 

26 

Height—Inches 

22 

30 

45 

46 

installation Envelope—eu. ft. 

12.7 

25.2 

66 

_ _46_ 


* ) Standard parts such as nuts, holts, etc., not included. 

“Part Numbers'* counts only on re any identical parts, i.e. 6 pistons — 1 part number hut 6 parts. 


It should be noted that these applications call for es¬ 
sentially constant speed service, lor which turbo-machin¬ 
ery is most suited. Experimental vehicle powerplants 
have been designed and constructed and have demon¬ 
strated the potential of the gas turbine in this field. 

The Boeing 502 truck gas turbine is shown on p. 21. 
along with a schematic diagram of its components. The 
unit consists of a centrifugal compressor driven by a 
gas turbine. The exhaust from the first turbine then 
enters the second or power turbine which, through a 



CORRECTED OUTPUT - SHAFT SPEED “ RPM/IOO 

G. Comparison of gas turbine and other engines. Torque 
as a function of speed . 


suitable reduction gear, drives the vehicle. This separa¬ 
tion of compressor and power turbine is essential for 
vehicle applications since it allows speeding up of the 
compressor and gas flow, while the power turbine is at 
rest. 

Table 2T above, is a comparison of the Boeing turbine 
with other powerplants of comparable output. The fav¬ 
orable weight-power ratio of the turbine is at once ap¬ 
parent: it is 1.1 lhs./bhp for the turbine. 11 Ibs./bhp 
for the diesel engine and 8.8 lhs./bhp for the gasoline 
engine. The differences iri space requirements and num¬ 
ber of parts are similarly striking. Since present experi¬ 
mental vehicle turbines have been developed from air¬ 
craft applications (auxiliary powerplants) they have 
been designed with emphasis on weight reduction. Most 
likely this results in high cost. For vehicles, these ex¬ 
treme efforts to save weight rnay he a luxury so that a 
compromise may well be in order, 

rri Chart G r> the torque characteristics of these power- 
plants are compared. The high stall torque character¬ 
istic of the tiirbomachirie is highly desirable for vehicle 
application. 

The fuel consumption curves. Chart H r ‘. reveal the 
most serious drawback of the turbine: high fuel con¬ 
sumption. or low thermal efficiency, especially at low 
speed. This difficulty arises in all gas turbine applica¬ 
tions and is one of the most pressing assignments of re¬ 
search arid development in this field. 

h is w 7 ell at this point to recall some of the funda¬ 
mental facts concerning gas turbines in relation to the 
requirements of a vehicle power pi ant. 

(1 ) The turbine is basically a high speed machine. 
This is responsible for the small size per unit 
power. 

(2) Maximum efficiency is obtained at one definite 
speed. The efficiency-speed relation is such that 

CONTINUED ON PAGE 24 
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Dakar, capital of French West Africa, is one of the latest cities to be connected to the United States through Bell System Over * 
seas Telephone Service, Initial period rate is only $15, You can talk to some 90 countries and territories from your telephone. 


Dakar 

is on the line 



No more than 25 years ago, American voices were land¬ 
locked. They could travel around the North American con¬ 
tinent, but, except for Cuba, they were stopped at the coastlines. 

Then in 1927 telephone people inaugurated two-way 
commercial radiotelephone service between New York and 
London. In that instant the world grew smaller. 

It has kept on shrinking over the years till now such over¬ 
seas calls are commonplace. In 1951, nearly 900,000 were 
made over Bell System facilities. Today you can speak to some 
90 countries and territories, 96% of the world’s telephones. 
Dakar, French West Africa, is one of the latest additions to 
the list. 

On this 25th Anniversary of Bell System Overseas Tele¬ 
phone Service, we are busy working to make the record of 
the next 25 years even better. This never-ending effort to 
find better ways calls for the best engineering and scientific 
minds available. Such continued research provides constant 
opportunities for enterprising, talented college graduates. 

BELL TELEPHONE SYSTEM 
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SPECIFIC FUEL CONSUMPTION - LB/HP/HR 


good efficiency can be had only over a limited 
speed range. Below and above this range, very 
poor efficiencies are encountered. This is another 
way of saying that the turbine is basically a con¬ 
stant speed machine. The efficiencies we are talk¬ 
ing about are thermal efficiencies. Their order of 
magnitude is 20 percent for the gas turbine 30 
percent for the gasoline engine and 35 percent 
for the diesel engine. 

(3) The flow rates of the working medium are high 
compared to those of reciprocating engines. This 
[iresents problems of silencing, ducting, filtration 
and exhaust disposal. Not insurmountable in 
themselves, these items must be kept in mind 
where stringent requirements of shape and space 
must be satisfied, as well as human comfort. 

(4) A definite lower limit of size exists below which 
a turbine with satisfactory efficiency cannot be 
built. To be sure, the small turbine will run. but 
it will have an excessive fuel consumption. On 
the other hand, the larger the turbine, the more 
rewarding will be attempts to improve efficiencies. 
Two hundred horsepower may well be considered 
the lower useful limit of gas turbines for vehicles. 
This is quite satisfactory, since in the class from 
50 to 200 hp reciprocating engines are quite ac¬ 
ceptable. The gas turbine thus takes over where 
the reciprocating engine becomes unwieldy. 

In order to understand the problem of increasing ther¬ 
mal efficiencies and to visualize the approach to its solu¬ 
tion. a closer look at the thermodynamics of the gas 



CORRECTED OUTPUT-SHAFT SPEED - RPM/IOO 

H. Comparison of gas turbine and other engines. Specific 
fuel consumption as a function of speed . 



PRESSURE RATIO 

I. Simple gas turbine cycle. Effect of turbine inlet 
temperatiirc on thermal efficiency. 

turbine is necessary. For the sake of simplicity we shall 
consider the simple gas turbine cycle. Here one turbine 
furnishes both the power necessary to drive the com¬ 
pressor and the useful work. 

Several parameters vitally affect efficiency. These are 
pressure ratio (compressor inlet pressure over outlet 
pressure), turbine inlet temperature and component effi¬ 
ciencies (compressor and turbine efficiencies). 

The temperature effect is shown in Chart l. At any 
one temperature, there is one pressure ratio for maxi¬ 
mum efficiency. The need for high turbine inlet tempera¬ 
tures is obvious. This diagram points out two important 
prerequisites to gas turbine development: after thermo¬ 
dynamic theory, early in this century, indicated the po¬ 
tential capabilities, successful design had to wait for de¬ 
velopment of temperature-resistant materials and com¬ 
pressors with high efficiencies at high-pressure ratios. 
These two requirements, today, are still primary objec¬ 
tives of research and development. 

Since the overall efficiency of the powerplant is a 
function of the product of the component efficiencies . it 
can be seen readily bow important high compressor and 
turbine efficiencies are. Even though HO percent for 
each component looks very good and, by present-day 
standards, is good (typical values are 77 and 71 per 
cent for compressor arid turbine respectively), the prod¬ 
uct, 64 percent, is less attractive. The quest for high 
compressor efficiencies is the incentive for the vigorous 
development of axial flow compressors. 

Idie exhaust from a gas turbine carries away consid¬ 
erable amounts of energy. Appreciable gains in efficiency 
can be had from regeneration. Regeneration takes place 
in a heat exchanger (called a regenerator) in which ex¬ 
haust heat is used to preheat the air between compressor 
outlet and combustion chamber. Heat exchanger studies 
show that both space and weight requirements are such 
that the use of regenerators in vehicles is feasible. 

The effect of regeneration ori thermal efficiencies 
(Chart J). shows at once why regeneration must he con¬ 
sidered. Fifty percent regeneration means that one half 
of the available thermal energy in the exhaust is put 
back into the cycle. For actual cycles the useful range 

CONTINUED ON PAGE 26 
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playing life of previous models. 



avs 


ics longer 


About the size of the average book, 
this new Personal radio—developed 
through RCA research and engineer¬ 
ing—offers new convenience and 
economy to those who want a light, 
beautifully streamlined, long-lasting 
instrument. 

Secret of its long life is a new dry cell 
€< B” battery—used in combination with 
redesigned “A” batteries to create a 
more lasting power source. Additional 
life is given by a unique switch, for use 
in areas where radio reception is strong, 
which reduces the drain on the batteries, 


and adds up to 30% to their lives. RCA 
Victor’s new receiver plays instantly, 
without needing to warm up, has an 
automatic control to keep the sound 
volume even, and can be had in six 
rich colors. 

Development of this compact radio is 
another example of RCA research and engi¬ 
neering at work for yon. RCA research means 
better quality and performance from any 
product or service of RCA or RCA Victor. 

* * * 

See the latest in radio , television, and electronics at 
RCA Exhibition Hall, 36 West 49th Street, N. Y. 
Admission is free. Radio Corporation of Anu rica, 
RCA Building, Radut City, New York 20, N. Y. 


CONTINUE YOUR EDUCATION 
WITH PAY-AT RCA 

Graduate Electrical Engineers; RCA 

Victor—one of the world’s foremost manu¬ 
facturers of radio and electronic products 
— offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary vith opportunities for ad¬ 
vancement. Here are only five of the many 
projects which offer unusual promise; 

•• Development and design of radio re¬ 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono¬ 
graph combinations). 

•• Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems, 

•• Design of component parts such as 
coils, loudspeakers, capacitors. 

• Development and design of new re¬ 
cording and producing methods. 

Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to College Relation,! Diul- 
sion, RCA Victor , Camden , New Jersey , 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists, 



Radio Corporation of America 

World leader in radio—first in television 
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of regeneration lies between 50 and 75 percent. It is 
possible, then, to raise the efficiency from around 13 
percent to 22 percent by this means alone. Gains of this 
magnitude determine whether or not a gas turbine may 
be considered at all. 

The question as to the importance of regenerator pres¬ 
sure drop.-must be answered. As with all heat exchang¬ 
ers. we have to pay a price for'having them around. 
Pressure drops must he held to a minimum if the gains 
from regeneration are to be realized. For efficiency cal¬ 
culations the pressure drops are additive. This means 
that a drop of 1 percent of the inlet pressure on the air 
side and 2 percent on the gas side has the'■-composite 
effect of a 3 percent pressure drop on the cycle efficiency. 
The detrimental effect of pressure drop is the more pro¬ 
nounced. the lower the turbine efficiency. This again 
emphasizes the need for high component efficiency. 

The compounded powerplant 

In the preceding discussion it has been tacitly assumed 
that the gas turbine is to be used by itself. This is by 
no means necessary. Since the power requirements of 
vehicles vary between great extremes—low speed cruis¬ 
ing with an empty cargo space as compared with high 
speed climbing at full gross weight—it is entirely reason¬ 
able to think of a powerplant which uses a 200 hp gaso¬ 
line or diesel engine for low power operation, and car¬ 
ries a turbine with about 800 hp capacity for high 
power operation. Such powerplants have not yet been 
built hut are common practice in other fields. The cruis¬ 
ing and high speed turbine combination in naval vessels 
is a typical example. The comparatively small weight 
and space requirement of a turbine makes it ideally 
suited for this type of standby service. The two power- 
plants may be entirely separate and operate indepen¬ 
dently. or they may be combined thermodynamically to 
a so-called compound powerplant. Such powerplant 
combinations have been investigated. A variety of com¬ 
binations is possible. 

The turbo supercharger is an example in which the 
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J. Effect of regeneration on thermal efficiency . 

exhaust turbine is an auxiliary power producer. If the 
size of the turbine is increased, reciprocating engine and 
turbine become of similar size. The order of size may 
also be reversed. The engine then becomes, so to speak, 
the combustion chamber of the turbine. This arrange¬ 
ment has definite advantages over the conventional tur¬ 
bine arrangement at part load. 

In another variation the reciprocating engine may be 
used to drive a compressor. The engine exhaust is mixed 
with the compressed air. fuel is injected, and the result¬ 
ing gas does work in the turbine. These are only a feu ; 
of the possibilities. Actually about 100 variations are 
said to have been proposed. 

For use in vehicles, one special compounded power- 
plant seems to offer particular promise. This is the 
so-called free piston gas generator. A schematic drawing 
of this powerplant is shown below. Such powerplants 
have been tested and are being built in Europe, and sev¬ 
eral companies in this country are engaged in develop¬ 
ment work.in this direction. 

As far as suitability for vehicle applications is con¬ 
cerned. the compound powerplant is basically a gas tur¬ 
bine plant, distinctly different from a dual powerplant 
using a gas turbine for high output operation only. There 
is. however, no reason why the latter could riot be modi¬ 
fied to operate as a compounded system. 
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This is an aluminum 
window, one of four million 
that will go into 
buildings in 1953. Twenty 


mind of an Alcoa development engineer. Ten 


years ago, only a few thousand were made 
annually. Now, production is increasing 

at the rate of over half a million a year. 
This is just one of a torrent of new uses for 

aluminum which means that Alcoa must 
continue to expand. Consider the opportunities 
for you if you choose to grow with us. 


This is a production chart . . . shows the millions 
of pounds of aluminum produced by Alcoa each 
year between 1935 and 1951. Good men did good 
work to create this record. You can work with these 
same men, learn from them and qualify yourself 
for continually developing opportunities. And that 
production curve—is still rising, we Ye still expand¬ 
ing, and opportunities for young men joining us 
now are almost limitless. 

Ever-expanding Alcoa needs engineers, metallur¬ 
gists, and technically minded "laymen" for produc¬ 
tion, research and sales positions. If you graduate 
soon, if you want to be with a dynamic company 
that’s "going places", get in touch with us. Benefits 
are many, stability is a matter of proud record, 
opportunities are unlimited . 


For more facts, consult your Placement Director. 


The best things in aluminum 
come first in 



ALCOA ALUMINUM 


By ALUMINUM COMPANY OF AMERICA • Pittsburgh, Pennsylvania 
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To a Young Man who 

wants “Room to Grow” 


That’ s one of the attractions of the oil busi¬ 
ness as a career: big ancl substantial though it 
is today, prospects are that it has a long way 
yet to grow. 

The discovery of new sources of petroleum 
and new uses for petroleum has gone ahead 
faster during the past five years rhan in any 
other comparable period. Phillips Petroleum 
Company gross income increased from $222 
million in 1946 to $6\ I million in 1951. And 
8,300 new job opportunities were created. 

The primary business of Phillips Petroleum 


Company is producing, refining and marketing 
fuels and lubricants. Yet Phillips is one of the 
most widely diversified oil companies, and we 
offer opportunities for the technical graduate 
in many other fields: development of chemical 
derivatives from petroleum, ammonia and sul¬ 
fur compounds, rubber synthesis, atomic re¬ 
search, geophysics and analytical techniques. 

If you Ye looking for a “career with a future” 
we invite you to write to our Employee Rela¬ 
tions Department for further information 
about opportunities w r ith our company. 


PHILLIPS PETROLEUM COMPANY, Bartlesville, Oklahoma 
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How high taxes destroy jobs 


J ohn smith is a good mechanic who saves his 
money and starts a little alley shop making 
widgets. He works hard, hires two good fellow- 
workers, his wife keeps the books, and he prospers. 
He keeps costs low, sells widgets at $2 each, and 
has a good year—he makes $1000 profit. 

He’s delighted. Now he’ll buy modern machin¬ 
ery that will cut costs so he can sell widgets for 
$1.50. He knows he’ll sell so many he can hire 3 
more men and raise everybody’s wage. Progress! 

But no! The government steps in and takes 


a big part of his $1000 for taxes. So John Smith 
cannot buy the new machinery, 3 new jobs are 
not created, wages cannot be raised. 

In other words, the expansion which would 
have increased widget supply and cut their cost 
from $2 to $1.50 does not take place—exorbitant 
taxes have throttled progress, kept supply 
restricted, and have kept prices high; taxes have 
held down the standard of living. In other words, 
taxes have reduced jobs and wages, and injured 
progress. Just as high taxes always do . 


WARNER 

8c ; 4 

SWASEY fT 




Cleveland 

Machine Tools 
Textile 
Machinery 



YOU CAN MACHINE IT BETTER, FASTER, FOR LESS WITH WARNER A SWASEY TURRET IATHES, AUTOMATICS AND TAPPING MACHINES 
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THE MONTH AT CALTECH 


Chemical Education Award 

I^OWARi) I. Lulas. Professor of Organic Chemistry at 
the Institute, was recently named winner of the 1953 
Award in Chemical Education given by the Scientific 
Apparatus Makers Association. 

The award of S 1.000 and an inscribed certificate will 
be presented at the annual spring meeting of the Ameri¬ 
can Chemical Society in Los Angeles next March. The 
award was established in 1950 44 to recognize outstand¬ 
ing contributions to chemical education/* 

For nearly forty years Professor Lucas has been in 
charge of the undergraduate course in organic chem¬ 
istry at Caltech. Among his many students who have 
been outstandingly successful are Drs. Saul Winstein. 
Professor of Organic Chemistry at the University of 
California at Los Angeles, and William G. Young. Dean 
of Graduate Students at UCLA. 

For the past quarter-century Professor Lucas has been 
identified with what is known as modern organic chem¬ 
istry. He was one of the first chemists to recognize the 
value of electronic interpretations and was an early 
worker in the field of electronic structure of organic 
molecules. He has published more than 85 research 
papers. 

His pioneering work, however, has not been limited 
to research. In 1935 he published the first, textbook in 
his field which clearly related organic chemistry to 
modern chemical theory. This book is credited wdth 
establishing the pattern of all of today's elementary 
texts in organic-chemistry. His more recent book. Prin¬ 
ciples and Practice in Organic Chemistry, has been 
highly praised by American chemists. 

A native of Marietta. Ohio, he received the A.B. and 
M.A. degrees at Ohio State University, where he was 
an assistant in chemistry from 1907 to 1909. He later 
did research at the University of Chicago and was an 
assistant chemist with the IJ, S. Department of Agricub 
tnre from 1910 to 1913. He came to Caltech in 1913 
as an instructor in chemistry. 

Electronics Award 

Qr. Robert A. Millikan. Professor of Physics. Emer- 
itus. and Vice President of the institute's Board of 
Trustees, received a plaque for his contributions to 


science, at the 10th anniversary banquet of the West 
Coast Electronic Manufacturers Association, held in Los 
Angeles on November 13. 

Dr. Lee DeForesl, inventor of the . vacuum tube, was 
also honored at the banquet. The awards were presented 
by Dr. A. M. Zarem fM.S. '40. Ph.D '441. Director of 
the Stanford Research Institute, who served as master 
of ceremonies. 

An added feature of the banquet was the presentation 
of four freshman scholarships—one each to Caltech, 
Stanford, UCLA and SC. 

Harry C. Van Buskirk, 1872-1952 

l-h rry C. Van Buskirk. Professor Emeritus of Mathe¬ 
matics. died on November 21 of a heart ailment. He 
was 80 years old. 

Dr, Van Buskirk was born in Wiscov, New York, in 
J872. He received his Ph.D. from Cornell University 
in 1898, and came to Throop Polytechnic Institute, the 
predecessor of Caltech, in 1904. In 1915 he was made 
Professor of Mathematics and Registrar of the Insti¬ 
tute. serving in this double capacity until 1935, He 
retired as a mathematics professor in 1942. 

Dr. Van Buskirk leaves his widow, the former Grace 
Gillette, whom he married in June. 1951. He was pre¬ 
viously married to the former Nora South, who died 
in 1947. 

Campus Architects 

President DuBridge announced last month that the 
Institute had employed the Los Angeles architectural 
firm of Pereira & Luckman to serve as consultants “in 
developing a program for future development of the 
campus." 

According to Dr. DuBridge, no plans for extending 
the campus beyond its present boundaries are foreseen, 
but “it is desirable for the Institute to have a modern 
campus development, program wrnrked out. Then, when 
and as funds become available for the construction of 
new athletic facilities, new dormitories, or new- labora¬ 
tories. the location and general design will have been 
planned in advance with a view to a coherent develop¬ 
ment of the entire campus." 
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/an AIRCRAFT engineer? 

\ But I haven 1 1 majored in 


aeronautical engineering 
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That doesn't matter. 


| Lockheed can train yon... 9 
\ at full pay! 


This Piane made History 



It’s your aptitude, your knowledge of engineering principles, 
your degree in engineering that count. 


The P-38 Lightning - first 400 mile 
per hour fighter-interceptor, the 
"fork-tailed Devil" that helped 
win World War II. 


Those—plus the opportunity Lockheed is offering you-are ail you need for a 
career as an aircraft engineer. In Lockheed’s special program for engineering 
graduates, you may go back to school, or you may convert to aircraft work by 

doing—on-the-job training. But whichever it is, you receive full pay while learning. 

But Lockheed offers you more than a career. It offers you a new life, in an area 
where living conditions are beyond compare. Outdoor living prevails the 
year-’round. Mountains, beaches are an hour from Lockheed. 

See your Placement Officer today for the details on Lockheed’s Aircraft Training Program 
for engineers, as well as the better living conditions in Southern California. 

If your Placement Officer is out of the illustrated brochures describing living and 
working conditions at Lockheed, write M. V. Mattson, Employment Manager 



Burbank, California 


This Plane is making History 



The Super Constellation - larger, faster, 
more powerful; the plane that bridges 
the gap between modern airtransport 
and commercial jet transport. 

This Plane will make History 
The jet of 

tile future-the plane 
you will help create— 
belongs here. 


This piane- which exists only in 
the brain of an engineer like yourself 
- is one reason there’s a better 
future for you at Lockheed. For 
Lockheed will always need engineers 
with ideas, engineers with 
imagination, engineers who build 
the planes that make history. 
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At Blacker it's an Ara 


Fleming is a Pleasure Dome of aluminum foil 


Respite The fact that it capped a busy week of mid¬ 
terms, the recent Interhouse Dance was undoubtedly the 
most successful in many years. 

Dabney’s “Dawn of History” decorations included a 
talking dinosaur and numerous other prehistoric mon¬ 
sters, with luminescent paint for skin. The master stroke 
of their decorations was a huge volcano which filled 
Dabney Court, and belched forth flames with a deafen¬ 
ing roar. (A spark coil and butane gas supplied the 
flames; the roar was achieved by amplifying the sound 
of tennis balls bouncing against a screen.) 

Blacker Court boasted a manikin flying on a carpet 

CONTINUED ON PAGE 34 


STUDENT LIFE 


FROM THE DAWN OF HISTORY 
TO KUBLA KHAN 


In Blacker Court—a flying carpet 


In Dabney House—a talking dinosaur 
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How to help a "miner” 
and load 2 tons a minute 

This mechanical "Miner” cuts a coal seam and loads the 
coal, too—at the rate of 2 tons a minute! To insure this 
kind of performance, engineers used 86 Timken ' tapered 
roller bearings on cutter heads and vital shafts. Due to 
line contact between rollers and races, Timken bearings 
have extra load-carrying capacity. Their tapered construc¬ 
tion lets them carry radial and thrust loads in any com¬ 
bination. Shafts are held in positive alignment. Wear 
reduced. Trouble-free performance assured. 


How to mount cutter heads 
on TIMKEN' bearings 

Two-row Timken bearings, pre-adjusted at the time 
of manufacture, are used in all supporting positions 
of the cutting head assembly. The bearings are fixed 
in the housing at one end (left), and permitted to float 
in the other (right). Because of extreme dirt condi¬ 
tions encountered in the mining operation, a special 
type of two-element seal is used. Lubricant is forced 
between the two seals to give maximum protection 
to the bearings inside. 


Want to learn more 
about bearings 

Some of the engineering problems you'll face after 
graduation will involve bearing application. If you'd 
like to learn more about this phase of engineering, 
we'll be glad to help. Clip this page for future 
reference and for a copy of the 270-page General 
Information Manual on Timken bearings, write 
today to The Timken Roller Bearing Company, 
Canton 6, Ohio, Cable address: "TlMROSCO”, 

NOT JUST A BALL O NOT JUST A ROLLER <o THE TIMKEN TAPERED ROLLER a=> 
BEARING TAKES RADIAL AND THRUST -®- LOADS OR ANY COMBINATION ^ 
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STUDENT LIFE. . 


* CONTINUED 



VARIDRIVE 

MOTORS 

ANY RPM at your finger tips. Gives magic 
speed control to your machine. The U. S. Vari- 
drive Motor gives your machine any and all 
speeds instantly over a 10 to I ratio. It definitely 
increases output. It helps you produce better 
quality work. 2 to 10,000 rpm; V/ k to 50 hp. Mail 
Coupon for 16-page Catalog. 

U.S. ELECTRICAL MOTORS Tnc. 

(Box 2058) Los Angeles 54, Calif., or Milford, Conn. 



tiemitigs decorators appropriated 60 medicine-cabinet 
mirrors to make a solid mirrored wall—forcing at least 
one ragged individual to share in the lounge . 


overhead, and an artificial pond, to help portray an 
'Arabian iYight, Inside, an Aladdin s lamp, by means 
of clever lighting, produced a. genie upon rubbing. 

Ricketts was turned into a “Haunted House.'* with 
spiders, skeletons, arid a creaking staircase. They were 
either clever here in putting up artificial cobwebs, or lax 
in removing the real ones. 

Throop Club featured an underground cavern theme 
with an underground spring, and guests were obliged to 
crawl through a tunnel to enter and leave the dance. 

Fleming came through with the coolest decorations of 
the evening. Modeled after the Pleasure Dome of Kubla 
Khan in Coleridge's poem, all walls and exits were cov¬ 
ered with aluminum foil, and stalactites hung from the 
ceiling. Two entrances were lined with walls of solid 
ice (3.500 pounds!. Although a student house rule 
Forbids undue water in the rooms, there was consider¬ 
able debate over whether or not 500 pounds of ice could 
legally be placed on someone s bed. A huge mirror 
covered one whole wall—made up of some sixty indi¬ 
vidual mirrors from as many medicine cabinets. 

Political Note 

gHORTLY BEFORE the election, the Caltech YMCA spon¬ 
sored a straw vote among Tech undergrade grad 
students, faculty and employees. The results: 



Undergrads 

Grad Students 

faculty 

Eisenhower 

255 

86 

39 

Stevenson 

J 41 

95 

68 

Others 

;;o 

3 

5 



continued 

ON PAGE 36 
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“Look what 
Im reading! 

"No kidding, Ed .. . the EDITORIAL page! 

‘ You know me, Ed...I’m strictly a sports page 
guy. But when I was home in bed last week 
with that blasted head cold, I didn’t have 
much to do but read the paper. 

"So, with time to burn, I looked at everything 
but the recipes . . . which is Marge’s depart¬ 
ment, anyways. And, Ed, what I read in those 
editorials made me mad enough to forget I 
felt punk. 

"One was about * Creeping Socialism*. It told 
what’s going on right under our noses . . . 
a lot of undercover work to turn us into a 
bunch of spineless dummies, instead of 
free citizens. 

"It warned how we could lose some or all of 
our Freedoms . . . you know, free speech, 
press, vote and religion. And the right to 
work or live where we please. This editorial 
showed how other people abroad have let 
socialism, then communism, take over and 
make slaves out of them. And all the time 
these people thought all they had to do 
was let Government Hake care of them* , And 
it sure did I 

"Since then, Ed, I’ve been reading all the 
editorials and articles ... in newspapers and 
magazines. Been learning to think, too. And 
to talk things over with my neighbors and 
the fellows we work with down at Republic 
, . . things like government ownership and 
wasteful spending that can bankrupt a whole 
nation and all its citizens. Yep, I’ve been 
learning to appreciate the Freedoms that we 
have and other people don*t. And best of all, 
yesterday I registered to VOTE. . . and my 
wife did, too! That’s the BIGGEST American 
Freedom of ’em all, and like a dope I’ve been 
too careless to protect my own and my 
family’s interests with a ballot! 

"Funny, isnH it? From a cold in the head, J got 
sense in the head.** 

REPUBLIC STEEL 

Republic Building • Cleveland 1, Ohio 



Republic BECAME strong in a strong and 
free America. Republic can REMAIN 
strong only in an America that remains 

Strong and free , .. an America whose stores 
are laden with the many fine products of a 
free Textile Industry. And, through Textiles, Republic 
serves America. Long-wearing, comfortable dress and 
suit materials . . . gay prints . , . smart drapery and 
upholstery fabrics . , . all are spun, dyed and woven 
on machinery made of carbon, alloy and stainless 
steels . . . much of them from the mills of Republic. 
New, almost magical synthetic fibers are today devel¬ 
oped and produced with equipment largely made of 
stainless steels, notably Republic’s famed ENDURO. 
Thus steel does its part to help keep Americans com¬ 
fortably and smartly clothed the year round. 

* * * 

f For a full color reprint of this advertisement, 1 
\ write Dept. II, Republic Steel, Cleveland l, Ohio. 1 
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The flexible construction of an S.S.White remote 
control flexible shaft allows controlled parts to be 
mounted where desired to satisfy limited space 
conditions and to meet specific equipment dimen¬ 
sions, These versatile "Metal Muscles"® can be 
snaked around turns and curves to provide a one- 
piece, sensitive control coupling between any two 
points. As a result, the designer has more leeway 
in developing a design that meets existing operat¬ 
ing, assembly, and servicing requirements and can 
be produced at lower cost, 

• • • 

Many of the problems you’ll face in industry will 
deal with the application of power drive and 
remote control with cost being an essential factor. 
That’s why it will pay you to become familiar 
with S.S.White Flexible Shafts, because these 
"Metal Muscles"® offer important savings in trans¬ 
mitting power or control. 

SEND FOR THIS FREE 
FLEXIBLE SHAFT BOOKLET 

Bulletin 5008 contains basic flexible 
shaft facts and shows how to select 
and apply flexible shafts. Write for 
a copy , 



fHE 


DENTAL MFC* CO. 


INDUSTRIAL DIVISION 



Dept. C r K> East 40th St. 
NEW YORK 16, N. Y. 


STUDENT LIFE. . . co^ 



7 he night before: St ala el i t es sli l f go i n g u p at 4:3 0 a.w. 


The Stevenson vote among the undergraduates seems 
far more than could he expected, judging from their 
geographical ami economic backgrounds. There vvas 
a significant tendency of science majors to favor 
Stevenson. As for the faculty’s overwhelming vote for 
Stevenson—it only proves what education docs for 
people. 

Shepard Scholarship 

Perhaps ove of the most unusual scholarships 
offered to students anywhere is the Don Shepard Mem¬ 
orial Scholarship, Shepard, who graduated from Tech 
in June of 1950. was killed in an airplane accident in 
October of the same year. He not only took part in 
school activities, he was also interested in the many 
cultural opportunities in southern California. 

As a memorial to him, his parents and friends set up 
a SI50 award to the student who could most profitably 
benefit from attending the many operas, plays, and 
concerts in this area. The award is given to men who 
have paid their tuition, but who could not participate 
in these other activities without aid. This year’s recip¬ 
ient is Neil Stefan ides, a senior who is also one of the 
most effective line-backers in our football conference. 

On Water Fighting 

There once was a time when the water fight was a 
noble tradition in the student houses. Last year, how¬ 
ever. a Tide w ? as passed stating that anyone throwing 
water around inside the student houses was eligible to 
be fined at least $5. the money to go to the Iiiterhouse 
Committee. Recently, however, the students changed the 
rule so that the money now goes into the treasury of 
the house wherein the infraction occurs. Nobody seems 
to be getting rich fast, so we must assume that water 
fighting, like goldfish eating, has gone the way of all 
great ideas in this changing world. 

— If Haber *5-> 
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Get aboard! •• 

It 9 s Ceiling Unlimited 99 at AiReseareh 


Join the team of top engineers at AiReseareh* Share the 
opportunities in the lifetime of expansion ahead for the aircraft 
industry* Know the security of working for a company whose 
products are vital to all modern high-speed, high-altitude flight 
*, * whose future is as assured as that of aviation itself. 

You’ll be stimulated by association with engineers outstanding 
in aeronautical research ... men to whom the w ord “impossible” 
is only a challenge* AiReseareh leadership has been achieved by 
its insistence on high-calibre personnel and its willingness to pay 
well for it, 

AiReseareh is seeking engineers with ability and ambition. 
Aircraft training is not necessary! There are immediate openings 
in Los Angeles and Phoenix, Arizona. 

Apply to: James Crawford, Admin. Engineer, Los Angeles. 


AiReseareh 

Stratolab 

is the most 
completely equipped 
privately owned 
laboratory of its 
kind for testing 
high altitude flight 
conditions on 
the ground. 


A DIVISION OF THE GARRETT CORPORATION 

LOS ANGELES 45, CALIFORNIA • PHOENIX, ARIZONA 


DESIGNER AND MANUFACTURER OF AIRCRAFT EQUIPMENT IN THESE MAJOR CATEGORIES 


Air Turbine HefrrgsHjrien Heof Transfer Equipment Electric Actuators Gas Turfemes Cabin SupercftafPfs Pneumohe Power Units Electronic Controls Cabin Pressure Control* % Temperature Coniroti 






Whenever fastening problems arise... 




Consider ELASTIC STOP NUTS 


LOOK FOR THE RED 

LOCKING COLLAR 

It is threadless and resilient. Every bolt impresses 
(but does not cut) its full thread contact in the 
Red Efastic Collar to fully grip the bolt threads. 
In addition, this threading action properly seats 
the metal threads—and eliminates axial play 
between bolt and nut threads. All Elastic Stop 
Nuts—regardless of type or size—lock in posi¬ 
tion anywhere on a bolt or stud, maintain 
accurate adjustments and sea! against liquid 
seepage. Vibration, impact or stress reversal 
does not disturb prestressed or positioned set¬ 
tings. 


Whenever fastening presents a problem —ESNA is ready with a quick 
answer. More than 3000 types and sizes of self-locking vibration-proof 
fasteners—plus the “know-how’ 5 of ESNA engineers—are available here 
at ESNA. 

ESN A has long been known as “design headquarters 55 for self-lock¬ 
ing fasteners. Accepted by Army. Navy and Air Force, virtually every 
aircraft built in the past decade has been Elastic Stop Nut-equipped. On 
the railroads, in the oil fields, on automobiles and construction equip¬ 
ment, Elastic Stop Nuts manufactured to exacting quality control stand¬ 
ards, are doing specialized jobs every day. 

Be familiar with the design help ESNA offers. Write us for details 
on Elastic Stop Nuts. Elastic Stop Nut Corporation of America, 2330 
Vauxhall Road, Union, N. J. 



ELASTIC STOP NUT CORPORATION OF AMERICA 


ANCHOR 


HIGH 

TEMPERATURE 


SPLINE 


CLINCH 


NYLON 

CAP 


DESIGN HEADQUARTERS 


FOR SELF-LOCKING 


FASTENERS 
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Ball Mill grinds ore for large copper producer. 
Same type of equipment from Allis-Chalmers 
pulverizes much of nation’s cement. 


"I needed to 'Find' Myself- 

that’s why I picked Allis-Chalmers," 


Taking surge 
transformer in A-C shops with miniature surge 
generator and cathode-ray oscilloscope. 


says A. J. MESTIER 

Massachusetts /nsttfufe of Technology Sc. B .—1943 
and now Manager, Syracuse District Office 


ALLIS-CHALMERS 


For information call the Allis-Chalmers District Office in your locality or write to 
Allis-Chalmers Manufacturing Company, Milwaukee i, Wisconsin 


“T was looking for an engineering job, 
J- but I wasn’t very sure just what phase 
of this broad field would interest me most. 
I didn’t know whether I wanted straight 
engineering, sales engineering, production 
or some other branch of industrial engi¬ 
neering. 

“Allis-Chalmers Graduate Training 
Course gave me a means of working at 
various jobs—seeing what I liked best— 
and at the same time obtaining a tremen- 
dpus amount of information about many 
industries in a very short time.” 


Experience Typical 

“My experience is typical in many ways. 
I started the Graduate Training Course in 
J946, after three years in the Army. My 
first request was to go to the Tex rope 
V-belt drive department. From there I 
went to the Blower and Compressor de¬ 
partment; then the Steam Turbine depart¬ 
ment. By the time the course was completed 
in 1948. my mind was made up and I knew 
I wanted sales work. I was then assigned 
to the New York District Office and ill 
1950 was made manager of the Syracuse 
District. The important thing to note is 
that all Allis-Chalmers GTC’s follow this 
same program of picking the departments 
in which they want to work. 

“Best of all, students have a wide choice, 
for A-C builds machines for every basic 
industry, such as: steam and hydraulic 
turbine generators, transformers, pumps, 
motors and other equipment for electric 
power; rotary kilns, crushers, grinders, 
coolers, screens and other machinery for 


mining, ore processing, cement and rock 
processing. Then there is flour milling 
machinery, electronic equipment and 
many others.” 

A Growing Company 

“In addition, new developments and the 
continuing growth of the company offer 
almost endless opportunities for young 
engineers. 

“From my experience on the Graduate 
Training Course, I believe it is one of the 
best conducted in the industry and permits 
a young engineer to become familiar with 
a tremendous variety of equipment—both 
electrical and mechanical—which will 
serve him in good stead in his future pro¬ 
fession.” 


Texrope is an Allis-Chalmers trademark. 
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ALUMNI NEWS 


January Dinner Meeting 

The January dinner meeting of the Caltech Alumni 
Association will be held at the Lakewood Country Club 
near Long Beach (3101 E, Carson BlvcL Lakewood) on 
Wednesday, January 14. Speaker of the evening will be 
Dr. A. M. Zarern (M.S. '40, Ph.D. 5 44), Director of the 
Stanford Research Institute, who will discuss the smog 
situation and show a colored motion picture on the 
subject. Dr. John FL Weir. Associate in Psychology at 
the Institute, will also give a preliminary report on the 
Caltech alumni survey. 

Honored Graduate 

r. Thomas Clements, M.S. '29, Ph.D, ’32, head of 
the Geology Department at the University of Southern 
California, has been selected as the year's most hon¬ 
ored graduate of Texas Western College of the Univer¬ 
sity of Texas. 

Dr. and Mrs. Clements and their daughter, Anne, a 
student at S.C., went to El Paso for the college's home¬ 
coming activities on November 15. 


Dr. Clements was graduated from Texas Western in 
1922 when it was known as the Texas School of Mines, 
He jointed the S.C. faculty in 1929. 

Sorensen Fellow 

j EROME K. Delson, M.S. '50. who was chosen as the 
first recipient of the Royal W. Sorensen Fellowship in 
Electrical Engineering last year, has received the award 
for 1952-53 as well. Delson is expected to finish his doc¬ 
torate studies at the Institute this year. 

The Sorensen Fellowship, set up in 1950 by a group 
of Caltech alumni, is a $900 graduate award. 

San Francisco Chapter 

^*he San Francisco Chapter had a most enjoyable 
evening at the H. P. (’’High Pressure*’) Henderson home 
in San Mateo oil Saturday evening. November 1. The 
party started with a pot luck slipper to which everyone 
brought his favorite recipe. The attendance was one 
of the largest we have had, totaling about eighty-five. 

The highlight of the evening was the Howard Ves¬ 
pers’ presentation of colored pictures of their trip to 
Europe last summer. Howard regaled his audience with 
a running commentary arid Ruth gave Lis the ladies’ 
slant on the European situation. 

—Robert ffeiiz *36, Secretary-Treasurer 




Elimination of wasteful friction is a constant battle con¬ 
fronting Industry. Out on the job . . . irrespective of your 
engineering role . . . you’ll be coming to grips with this 
problem. 

In the past, Industry has learned to rely upon SCSIF for 
practical solutions to anti-friction bearing problems. 

In the future — more than ever before — engineers can 
look to /^CSfF for the finest in bearings, plus help in putting 
the right bearing in the right place, 7334 


SKF INDUSTRIES, INC., Philadelphia 32, Pa.— 
manufacturers of SECSEF and HESS-BRIGHT bearings. 



GOOD LIGHTING 


...as important as your most important tooi 



Engineers ... draftsmen ... designers... 
all know the slide rule is an all-important 
“tool!’ but certainly no more efficient than 
their ability to make full use of it. Don't 
invite eye-fatigue and impair job perform¬ 
ance with poor illumination. 

Smoot-Holman lighting equipment can 
solve this problem—-as it has for thousands 
of workers in other western plants. Made 
to exacting quality standards, it provides 
illumination always ample, always correct 
for the eyes—light that’s a perfect partner 
for production. 

Equally important, there is a Smoot- 
Holman fixture to match any job’s specific 
need! See your Smoot-Holman Lighting 
Engineer! 


-important ‘Mqdls > '.help assure Smoot-Holman 
production and quality, loo. This modern 
rcelam enameling furnace fires on permanent 
“lifetimefinishes ai WOO" fahrenheit. 


SMOOT-HOLM AH company Inglewood, Calif. Offices In Principal Western Cities * Branch and Warehouse in San Francisco 








Making an analysis 
with the infra-red 
Spectrophotometer. 


Testing action of Per- 
chiorethylene on vari¬ 
ous metals. 


Focusing the Electron Microscope 
on a chemical sample to be photo¬ 
graphed. 


PLANTS: BARBERTON, OHIO • BARTLETT, CALIFORNIA • CORPUS CHRISTI, TEXAS • LAKE CHARLES, 
LOUISIANA • NATRIUM, WEST VIRGINIA • DISTRICT OFFICES: BOSTON • CHARLOTTE * CHICAGO • 
CINCINNATI • CLEVELAND • DALLAS • HOUSTON * MINNEAPOLIS • NEW ORLEANS • NEW YORK 
* PHILADELPHIA • PITTSBURGH * ST. LOUIS * SAN FRANCISCO 


COLUMBIA-SOUTHERN 

needs men with 
creative imaginations 

Never before in history have chemicals played such a vital 
part in man’s life and development. And never before has any 
industry offered greater opportunities to the college graduate. 

Columbia-Southern is one of the most rapidly-expanding 
chemical companies. It needs promising young graduates of 
scientific, engineering, and business schools. Opportunities 
exist at Columbia-Southern in research and development, sales, 
plant design, mining, construction and maintenance, and 
chemical production. Opportunities for technical and non¬ 
technical graduates also exist in accounting, transportation 
and related service fields. 

Monthly sales at Columbia-Southern are now five times as 
large as they were only ten years ago, and the potentials are 
even greater for the future. 

Columbia-Southern is a wholly owned subsidiary of Pittsburgh 
Plate Glass Company. It thus presents the individual oppor¬ 
tunities of an expanding chemical corporation, plus the stability 
in being an integral part of a larger and diversified organization. 

ACT NOW! Send for comprehensive booklet outlining the 
“Nationwide Opportunities in Varied Technical Fields at 
Columbia-Southern.- ' Or send your application for employ¬ 
ment to the personnel manager at our Pittsburgh address or 
any of the plants. Please give a clear, complete account of your 
background, abilities and interests. 

COLUMBIA-SOUTH EI\N 

CHEMICAL CORPORATION 

SUBSIDIARY OF PITTSBURGH PLATE CLASS COMPANY 

FIFTH AVE.AT BELLEFIELD• PITTSBURGH 13, PA. 
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Calls For Lacquer 



CHEMICAL PROBLEM ... 

... to aid in producing a finish 
which would speed up the recon¬ 
ditioning of telephone coin boxes, 
switchboards, and booths by 
Western Electric Company. 

SOLUTION . . . 

. . . fast-drying, durable lacquers 
... sprayed on hot... made with 
nitrocellulose which Hercules sup¬ 
plies to lacquer manufacturers. 
Much thicker coats are possible 
with hot lacquer, and one coat 
now does the job of two! 

COLLEGE MEM ... 

This is but one example of the 
far-reaching chemical develop¬ 
ments in which you could partici¬ 
pate at Hercules—in research, 
production, sales, or staff opera¬ 
tions. It suggests the ways Her¬ 
cules’ products serve an ever- 
broadening range of industries 
and end-uses. 


Hercules’ business is solving problems by chemistry for industry • • • 



. .. textiles, paper, rubber, insecticides, adhesives, soaps, detergents, plastics, paint, varnish , lacquer, 
to name a few, use Hercules ® synthetic resins, cellulose products, chemical cotton , terpene chem¬ 
icals , rosin and rosin derivatives, chlorinated products and other chemical processing materials . 
Hercules ® explosives serve mining, quarrying, construction, seismograph projects everywhere . 


HERCULES 


HERCULES POWDER COMPANY Wilmington 99, Delaware 
Sales Offices in Principal Cities 
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automatic control—permanent magnets 
are partners in industrial progress 

One important part of the “automatic"’ factory is the re¬ 
quirement that measuring devices be accurate, rugged 
. and because of their use in such great volume the) 
have to be low cost. It is a credit to instrument manufac¬ 
turers that these meter miracles are being accom¬ 
plished, Not only are the meters more sensitive, lower 
cost . . . hut specialized problems in measurement are 
solved everyday with new and different instruments. 


here's him Marian cut magnet costs 1/5 
... and built a better meter! 


Marion Meter, 
Model 53RN, 



Former design of 
magnet assembly 
using Alnieo II. 


before 


JVote bow rede¬ 
signed magnet' is 
made lighter be¬ 
cause of reductions 
in area. The change 
from Alnieo II to 
Alnieo \ with this 
design improved 
flux density. 



after 


Marion Electrical Instrument Company, prominent meter 
manufacturer, embarked on a plan of redesigning their 
meters to give improved service. The Marion Meter, 
Model 53KN shown here, is a good example of what is 
being accomplished. 

In redesigning their instruments, Marion worked 
closely with Crucible magnet specialists. The recom¬ 
mendation was made lo change from Alnieo II to Alnieo 
V for the magnetic alloy used in the meter's D’Arsonval 
movement. Then the magnet itself was redesigned. The 
overall effect was to reduce the weight of the magnet by 
35%, cut the cost ^3 .. . and increase the gap flux density 
which resulted in a 15% increase in the torque of the 
movement. The illustration shows the old and new 7 design. 

This development is typical of how Crucible is work¬ 
ing to increase measuring efficiency with permanent alnieo 
magnets. Have you a magnet application we can cut cost 9 
on by M,? 

magnet data 
boob available 

Since the advent of the 
alnieo market in 1936, 

Crucible has pioneered in 
the design and develop¬ 
ment of special magnet 
alloys. Send for your copy 
of Crucible’s “permanent 

MAGNET DESIGN”. This booklet points out design 
factors in the selection of alnieo magnets. Crucible 
Steel Company of America, Chrysler Building, 

New \ ork 17, New York. 
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CRUCIBLE 

C?we\ 



first name in special purpose steels 


Midland Works, Midland, Pa. • Spaulding Works, Harrison, N. J. « Park Works, Pittsburgh, Pa, • Spring Works, Pittsburgh, Pa. 
National Drawn Works, East Liverpool, Ohio • Sartderson-Halcomb Works, Syracuse, N. Y. • Trent Tube Company, East Troy, Wisconsin 





PERSONALS 


1921 

George IS. Hawley, Ex., was recently 
elected to the vice-presidency of the South¬ 
ern California Edison Company. He is in 
charge of the Commercial Department. 

1922. 

Hbwatd G. Vesper, President of the Cal¬ 
ifornia Research Corporation in San Fran¬ 
cisco, is chairman of the advisory commit¬ 
tee which directs the American Petroleum 
Institute's research on the composition 
and properties of petroleum. This was One 
of the main topics under discussion at 
the API’s 32nd annual meeting held at 
the Conrad Hilton Hotel in Chicago in 
November. 

1926 

Royal E. Foivle , Ex., has been appointed 
for a year to the central coast region water 
pollution control board, according to a 
recent announcement by Governor Warren. 
The control board reviews and sets up 
minimum Standards for sewer and similar 
projects affecting stream and ocean pollu¬ 
tion in the area from Santa Cruz io San 
Luis Obispo counties. 

1927 

Kenneth Belknap is still in the insurance 
business, operating as Belknap and Belk¬ 


nap, although a few years ago he did move 
to a new location. Ken has been in insur¬ 
ance now for almost 20 years. His two 
boys—Bruce, 15, and Raymond, 11—are 
in La Canada High School. 

Allen C. H. Mitchell, Ph.I)., represented 
Caltech at the inauguration of Dr. Russell 
j. Humbert as 15th president of DePauw 
University on October 18. Allen and repre¬ 
sentatives of 215 other colleges (ranging 
from the University of Rome, founded in 
1303, to the Universidad de los Andes, 
founded in 1949 in Bogota, Colombia) 
marched in the inaugural procession. Allen 
is riow in the Physics Department at In¬ 
diana University in Bloomington. 

1929 

Jaities Jr. Dunham has been elected 
president of Local 777 of the National 
Federation of Federal Employees for the 
coming year. He’s living in Los Angeles. 

Homer Reed . M.S. ’30, former chief en¬ 
gineer of Union Oil Co., will head Brea 
Chemicals, Inc., a new company formed as 
a subsidiary of Union Oil to develop, man¬ 
ufacture, and market chemicals from 
petroleum. 

1930 

L. Sprague de Camp is co-author with 


Willy Ley of a new book, Lands Beyond, 
published by Rinehart & Co. 

1932 

Henry B. Poiunall was elected president 
of Plantation Foods, Inc. in May, 1952. 
Plantation Foods has headquarters in 
Miami, Florida, and distribution centers in 
16 cities in Florida. It’s the state’s largest 
manufacturer of ice cream products. Be¬ 
sides this, Henry is still president of Freez¬ 
ing Equipment Sales, Inc. in York, Pa. 
They sell rotary booster compressors arid 
manufacture a continuous package freezer 
for the frozen food and ice cream trade. 
The Pownalls are now living in .Miami. 

David W. Anderson has three daughters, 
now lives iri Alta den a, arid is employed by 
the Navy. 

Albert F. Aiivood, Jn, M.S. ’33, ha 
been ah electrical engineer with Southen 
California Edison-—working on substation 
hydro and steam plant design—since th 
end of the war. He is married, and ha 
been an L. A. resident since graduation 

1933 

Arthur N, Prater , M.S., Ph.I). ’35, was 
elected chairman of the Division of Agri¬ 
culture and Food Chemistry of the Ameri¬ 
can Chemical Society. Art is also technical 



BROWN & SHARPE m 


Designed to simplify 
close-tolerance measurements 


Versatile Brown & Sharpe Electronic 
Measuring Equipment is easily adapted 
to your machine or Fixture design. It 
provides fast, accurate setting or gag¬ 
ing to .00001" with human error prac¬ 
tically eliminated. 

You can design inexpensive Gage 
Head Cartridges into several fixtures 
and use the same amplifier for all 
of them. 

Find out the many advantages of 
Brown & Sharpe Electronic Measuring 
Equipment. Write 
for detailed bul- 
letin. Brown & 

Sharpe Mfg. Co., wf fT 
Providence 1, R. I., 


Gage Head Cartridge 
and Amplifier. 


Special fixture utilizes Gage 
Head Cartridge and Amplifier to 
measure internal angle attu* 
racy to :±11/ 2 seconds. 


Gage Head Cartridge mounted 
on a fixture to measure a fixed 
gage—used with Amplifier. 


SIT BACK AX O IIELAX 



Let Calmec Manufacturing Company 
Worry About 

Your Metal Parts and Products 

We have the most modern facilities and most 
complete plant to give you the maximum of 
service, whether it is a small part, a large part, 
or a product from your ideas to the shipped article 
direct to your customers, under your name, from 
our plant. 

CALMEC MANUFACTURING CO. 

Robert A. McIntyre, M.S. ’38 Kimball 6204 
5825 District Blvd. Los Angeles 22, Calif. 
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director at tlie Gentry Division of the 
Consolidated Grocers Corporation. 

Robert G. MacDonald has been released 
from active dut) with the Army, He is 
still with the Department of the Army, 
however, as civilian engineer advisor to the 
Quartermaster General in Washington. 
D. C. 

1935 

Arthur E. Engelder , who is director ol 
the Engelder Labs in Douglas and Mor- 
enei. Arizona, has been dividing his time 
between the practice of medicine and sur¬ 
gery and research work on a number of 
new medical instruments. Next year he 
hopes to have his organization set up so 
he can devote all his time to the instru¬ 
ment business. 

Ensign Robert Tookey lias been on ac¬ 
tive duty in the Naval Reserve for over a 
year, serving on a destroyer in the Pacific 
area. 

1936 

Me red U , Minsk aw. \ ice-president oi the 
Felker Manufacturing Company, arrived 
safely in Johannesburg, South Africa, late 
in October, following a crash landing in 
Rome earlier, aboard one of Britain’s 
eight-milc-a-TTiinute Comet jet airliners. 
None of the passengers or crew members 
on hoard was hurt when the plane raced 
into the air off Rome’s Ciampino Airport 
and then smashed hack to earth in a bell) 
landing. Meral was on his way to the 
Diamond Syndicates Lab in South Africa 
to do research work for his company. The 
Felker Co. makes diamond abrasive tools. 

(Aarerne L. Dunn. Ph.D.. is head of the 
physical chemistry department of Shell De¬ 
velopment Company, Emeryville, Calif. 

Bruce Berkley, a patent attorney in San 
Francisco, married Eleanor Cary last 
October. 

1937 

Daniel G. He human was elected con¬ 
troller of the Strom berg* Carl son Company 
in Rochester, N. Y.. in August. He has 
been associated with Strom berg-Carlson 
since 1949 when he came to Rochester as 
a representative of Price Waterhouse and 
Co., to develop improved methods apd pro¬ 
cedures for the company. He later joined 
Stromberg-Carlson as assistant treasurer. 

Dan was a manager in the systems de¬ 
partment of Price Waterhouse for six 
years. During the war he served in the 
IJ. Navy. Bureau of Ships, leaving as a 
Lieutenant Commander in 1915. He and 
his wife, Jaequelyne, have three children. 

1938 

Herbert B. Ellis. M.S. '41, left JPL last 
March to work for Lockheed at Marietta, 
Georgia. Since September L he has been 
manager of the assembly methods depart¬ 
ment. The Ellis family, including John, 
9. and Joan. 7, is now Jiving in Atlanta. 

Henry h . Evans is a transportation spe¬ 
cialist for the li. S. Chamber of Commerce 
in Washington, D.C. 

Carroll F. ( hatham. a consulting chem¬ 
ist in San Francisco, is one of the few 


\mcjicans who admits having entered the 
diamond-making race. Carroll has already 
succeeded in making emeralds, which are 
structurally and chemically like the kind 
nature yields, except that his can’t be de¬ 
stroyed by fire. However, he doesn’t think 
a practical method for making diamonds 
commercially will be hit on overnight. 

Sewman Mali Ph.D.. has been appoint¬ 
ed director of the engineering sciences 
division of the Office of Ordnance Re¬ 
search at Duke University. He was the 
former head of the analysis section oJ the 
research division of United Aircraft Cor¬ 
poration. Newman is at 00R on leave oi 
absence from the University of Minnesota, 
where he is Professor of Mechanical Fin- 
gin ee ring and head of the heat and power 
division of the Department of Mechanical 
Engineering. While at Minnesota, he did 
consulting work in the held-of combustion 
and gas dynamics for United Aircraft, the 
Naval Ordnance Laboratory, Bureau of 
Standards, and the Air<*raft Nuclear Pro¬ 
pulsion Division of General Electric. New¬ 
man and his wife, Eileen, have two chil¬ 
dren and are living in Durham, North 
Carolina. 

Gardner P. Wilson has joined the Con¬ 
solidated Engineering Corporation of Pasa¬ 
dena as a senior development engineer. 
He will be in charge of the mass spectro¬ 
meter group of the engineering depart¬ 


ment. From 1945 to 1952, Gardner was 
bead of the test division of the Naval 
Ordnance Test Station in Pasadena, He 
and his wife and two children now live in 
Altadena. 

Saul U instein. Ph.D.. of the University 
of California, has been added to the con¬ 
sulting staff of the Hercules Powder Co. 

1939 

Major U illiam M. Green moved last 
September from Kirtland Air Force Base 
in Albuquerque, New Mexico, to Ann 
Arbor, Michigan. The Air Force is .lend¬ 
ing him to the University of Michigan for 
graduate work in the field of guided mis¬ 
siles this being part of the program of 
the USAF Institute of Technology, Wright 
Patterson Air Force Base, Ohio. Bill finds 
it a little rough getting down to methodi¬ 
cal study, particularly in mathematics, 
after all this time. T he program lasts for 
two years. His wife, children—Billy, 10, 
and Barby. 6—and household possessions 
are now in Ann Arbor and in a house—an 
item noted lor its scarcity around those 
parts. 

Harold L. I.evinton. M. S., has been 
working in property management in the 
Los Angeles area since 1947. He was with 
the Metropolitan Water District of South¬ 
ern California in Los Angeles from 1931 
to 1938, then, from 1938 to 1947, worked 
for the Bonneville Power Administration in 


fOR THE LONG PULL... 

IT’S LEATHER 
PIUS TENSION 
CONTROL 


On the ski tow it's the 
leather grip of your ski 
mittens plus tension 
controlled by your 
hands that helps you 
get the most out of 
power. 

In modern industry, 
the UNI-PULL short 
center drive uses leather 
belting and tension con¬ 
trol for long, trouble- 
free power transmission. 

That’s part of the 
reason why today there 
are more leather belt 
drives in industry than 
ever before. 



A — Tension-controlling 
motor base 

B — Flat leather belt 


|AL-55 


^l/nemuv LEATHER BELTING djJOcidtiotl 

Headquarters far Authentic Power Transmission Data 
320 Broadway, New York 7, N. Y. 


45 




PERSONALS 


CONTINUED 


Portland, Oregon, Harold and his wife. 
Irene, his daughter Sharon, and his step¬ 
daughter. Claire, live in Hollywood. 

1940 

George C. Snrber left Douglas Aircraft 
in Santa Monica last March, where hr- 
had worked since graduation. He’s now 
employed hy Hughes Aircraft as an aero¬ 
nautical engineer working on helicopter 
structures design. He and his wife have 
three young daughters, and live in Mar 
Vista. 

1941 

Eldred U . Hough. M.S,. Ph.D,. 43. has 
joined the faculty of the petroleum engi¬ 
neering department of the University of 
Texas. He was formerly with the Stano- 
lind Oil and Gas Company, 

1942 

Wendell Harter. M.S. 47, has been a 
dynamics engineer at Northrop Aircraft 
in Hawthorne, for the past year and one- 
half, He is now lead engineer in charge 
of dynamic loads. Wendell’s family has 
reached its full complement of the follow¬ 
ing: Madelyn (wife), Lowell (6). Gor¬ 
don (4). and Janet Lynn (12*4 months C 

1943 

Bertram A. Nelson. M.S.. is an agri¬ 
culturist in the Fort Collins, Colorado, dis¬ 
trict of the Great Western Sugar Company, 

1945 

Hairy on Ball is busy studying for his 
( PA exam, while teaching accounting and 
having his own accounting practice in 
Long Beach. The Balls have two kids— 
Teresa (4>. and Kenneth (1), 


Dick Veer ken. who has been with the 
Worthington Corporation since his grad¬ 
uation. moved October 1 from Phoenix. 
Arizona to Los Angeles to become Assist¬ 
ant Office Engineer. The Neerkens have n 
ha by girl, born in May, 1952, They’ve 
just bought a new home in Westchester 
and hope to move in before the first of 
the year. 

1946 

Theodore S. Gilman. MS*. is art Assist¬ 
ant Professor of Chemistry at the Univer¬ 
sity of Colorado. His son. Gardner Me¬ 
riting. was born March 13. 1952. 

Hi [lard A. Ross is a Lt, (jg) in the 
Civil Engineer Corps of the U. S. Navy. 
He's an assistant public works officer for 
transportation at the Naval Station in Key 
West. Florida. He and his wife. Evelyn, 
have two children. Roger and Timothy. 3*4 
and 2 years old. respectively. 

1948 

Bill Jarmie was marrierl last June to 
Joyce Dawson of Oakland. He hopes to 
receive his Ph.D. in physics shortly from 
U. C. Berkeley, but says he's enjoying life 
thoroughly in the meantime. 

Curtis C. Whittlesey, TD, went to work 
for General Motors immediately upon re¬ 
ceiving his Professional degree. He's now 
in Detroit, as a junior executive in G, M/s 
styling department. His picture has been 
appearing in newspapers and magazines 
lately, in connection with the new Le 
Sabre car. 

George L. Humphrey* M.S., has recently 
been appointed Assistant Professor of 
Chemistry at West Virginia University. 
Morgantown. W. Va. George did research 
in rocket propellants at Caltech and in 
thermochemistry for the U. S. Bureau of 
Mines. 

George P. Rigshv. M.S, ‘50, with several 


other graduate students in geology, put in 
time this summer on the Saskatchewan 
Glacier in Banff Park. Canada. This was 
the beginning of a coordinated program to 
make this the most thoroughly understood 
glacier in the Western Hemisphere- to 
serve as a “field laboratory’* for future 
glaciological research. 

1949 

Byron (. Karzas married Diane Statha* 
on November 8 in Highland Park. IllimuX 
The couple will live in Evanston. 

Hardy C. Muriel has been awarded an 
RCA Fellowship for the second successive 
year to continue work toward a doctorate 
in electrical engineering at Caltech. 

1950 

Robert D. Clark. M.S.. a development 
engineer with the Union Oil Company of 
California, was recently transferred to the 
outfit's research center at Brea. There, 
Boh is engaged in the design of chemical- 
processing and petroleum-refining equip¬ 
ment which operate at high temperatures 
and pressures. 

Ralph J. Stone joined United Geophysi¬ 
cal in September of 1950. and spent a year 
with them in Kuwait. Persian Gulf, He’s 
now in Alaska where he’s spent the last 
six months working for Linked Geophysi¬ 
cal in Fairbanks and on the Naval Petro¬ 
leum Reserve south of Point Barrow. 

1951 

Royal 5. Foote. M.S., reported on his 
travels around the world for the AEG in 
a recent issue of 77re Fumarole (the Geol¬ 
ogy Division’s house organ at Tech). After 
three wrecks in Australia he wrote that he’d 
, just whipped the Australian uranium 
effort into shape, as advisory man from the 
States—and now will make Lisbon with 
some leisurely stops at Singapore, Cal¬ 
cutta. Beirut, Rome, and Madrid. . . . Tve 


Oil Properties Consultants, Inc. 

Complete Petroleum and Production 
Engineering Service 

Subsurface Geology • Micropaleontology 
Reservoir Meehanics 
Secondary Recovery' and Evaluation 
Registered Engineers 

Petroleum Engineering 
Associates, Inc. 

Complete Laboratory Service 

Core-Analysis • PVT • Fractional Analysis 
Florent H. Bailly, ’27 Rene Engel, Ph.D, ’33 

709-711 South Fair Oaks Avenue SYcamore 3-1156 

Pasadena 2, California RYan 1-8141 


BERKLEY ENGINEERING 

. . . AND EQUIPMENT COMPANY 

Meters & Controls for Every Type & Size Boiler 
Industrial Instruments and Regulators 
Remote Reading and Control Systems 
Engineered Condensation Drainage & Automatic 
Boiler Feeding Systems 

F!ow r and Pressure Regulating Valve Specialties 

2439 Riverside Drive Los Angeles 39 

NOrmandy 5190 NOrinandy 7124 


ALLEN MACHINE & TOOL CO. 


Designers end Builders of Special Machinery and Tools 
Also General Machine Work 


13409 S. Alameda Street Compton, California 

Phones: NEvada 6-1219 — NEwmark 1-8190 
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been setting up airborne geophysical pro- 
gramr— aeroiiugnerir ami icroi idiom euie 
uitli a DC-3 and Simian control—covered 
the Australian continent from North to 
South. ...” 

Rod Phippsto » M.S., and his wife, Doro- 
th>. m.* nt word that the Canadian stork 
deli\eri’d Graeme Grant Phippsto on Oc¬ 
tober 18 in Calgary, Alberta. 

1952 

Edwin R. Kurtz, Ph.D., was married last 
June to Lois L. Leeeing. He is Assistant 
Professor of Botany at the University of 
Arizona. 

Etalo Q. Gnutti , IMS., has strayed from 
engineering and science and is now prac¬ 
ticing law. He’s the Borough Court Judge 
in Stafford Springs, Connecticut. He is 
married and has a son. 

Douglas C. Alter son is with the U. S. 
Geological Survey in Plant City, Florida. 

Daniel B. Ap pieman, Ex., is a graduate 
assistant at Johns Hopkins. 

William F. Edmondson is with the Su¬ 
perior Oil Company in Bakersfield. 

Donald Lamar is a graduate assistant at 
the University of Kansas. 

F. Beach Leighton. Ph.D., is Assistant 
Professor of Geology at Whittier College, 
lie is also football coach to the '‘Poet- 
babes.” 

Dallas Peck is a graduate assistant at 
Harvard University. 

Jack L Simmons is doing graduate work 
at Northwestern University. 

Deake K. Smith is a graduate assistant 
at the University of Minnesota. 

Herbert H, Winters is with the Florida 
Geological Survey in Tallahassee. 


partners in creatin 


• There's a K&E slide rule for every purpose. Whether designed 
to meet the modest needs of the beginner or the exacting require* 
ments of professionals, ail K&E rules feature "built in" accuracy 
and reflect the skill and craftsmanship of America's most experi¬ 
enced slide rule manufacturer. 

KEUFFEL & ESSER CO. 

E5T. I9S7 

NEW YORK • HOBOKEN, N. J, 

Chicago • St. Louis * Detroit ♦ San Francisco • los Angeles • Montreal 




Drafting, 
Reproduction and 
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and Materials , 
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Measuring Tapes. 
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January 1 4 Dinner Meeting, 
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11 
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10 

Annual Dinner Meeting 

March Dinner Meeting, 
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rate for three issues is 75c. 

To subscribe: Send your 
name and address with 75c in 
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(but not , please, in cash) to: 

Walt Lee 
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W hatever YOUR branch of engineering, you'll find pho¬ 
tography an increasingly valuable aid. With it you can 
picture lightning-fast operations—or extremely slow processes 
—at speeds suitable for study. You can capture fleeting instru¬ 
ment traces, study internal stresses in machine parts, examine 
metal structure and do countless other things. 

The application of photography to engineering problems 
has become a specialty in itself. This has led graduates in 
the physical sciences and in engineering to find positions 
with the Eastman Kodak Company. If you are interested, 
write to Business and Technical Personnel Department, 
Eastman Kodak Company, Rochester 4, N. Y. 


Here high speed motion-picture 
photography shows a cavity in a 
column of water produced when a 
5-mm rod was shot through it at 12.2 
meters per second. By taking the pic¬ 
tures at 3200 per second and project¬ 
ing them at the standard 16 per sec¬ 
ond, time is “magnified” 200 times. 
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MY QUESTION TO THE G-E STUDENT INFORMATION PANEL: 


"Are my opportunities for advance¬ 
ment as good in a large company , 
like G,Eas they are in a small firm?" 

. . . Allen E. Galson, Cornell University, 1953 

Two answers to this question, presented at a student information 
meeting held in July, 1952, between G-E personnel and representa¬ 
tive college students, are printed below. If you have a question you 
would like answered, or seek further information about General 
Electric, mail your request to College Editor, Dept. 221-6, General 
Electric Co., Schenectady, N. Y. 



M. M. BORING, Engineer¬ 
ing Services Division ... I 
think your opportunities for 
advancement are as good, if 
not better, in a large com¬ 
pany. There is one point 
which is often overlooked in 
making such a comparison. 

That is, that any large com¬ 
pany, and especially one as 
diversified as General Electric, is really made up of a 
number of small companies, but with more opportunities 
than you find in a small firm. We are an organization of 
many businesses. 

With many diverse fields there is greater opportunity 
for college men and women to find the work most suited 
to their desires, talents, and abilities. With a wider choice 
of jobs there is more opportunity to get into work you 
really enjoy. 

The college graduate, working for G.E., will discover 
new fields opening up to him. He will probably discover 
that there is some activity in which he is particularly 
interested. There are no fixed paths for college graduates 
at G.E.The college man or woman who enters our Company 
does not commit himself irrevocably to one type of work. 
It’s our tradition to encourage the newcomer to look 
around, try several different assignments, and find the work 
most satisfying to him and to which he can make the greatest 
contribution. In G.E. the college graduate can investigate 
many types of work before choosing his field. And, he can 
change jobs without having to leave the Company, or 
lose the advantages connected with length of service — an 
impossibility in many small firms. 


F. K. McCUNE, Engineer¬ 
ing Services Division . . . 
There is one Company func¬ 
tion which, I believe, pro¬ 
vides great opportunities for 
advancement in General 
Electric. That is our system of training programs, de¬ 
signed to provide a continuous succession of young 
people to assume responsibilities for the Company’s 
operation and management in the future. The principle 
of this training has been to develop men and women by 
providing them with productive employment, by giving 
them the opportunity to reveal their abilities, and by 
providing them with practical classroom study designed 
to broaden their understanding of the electrical industry 
and of business in general. 

The most important contribution of the training pro¬ 
grams has been in developing leaders for our Company. 
Many of the officers and executives in responsible key 
positions today are graduates of one or another of these 
programs. 

Many small firms cannot afford to spend, either in 
time or money, the amount we do in preparing young 
people for better future positions. We believe, however, 
that these training programs are one of the best assur¬ 
ances that we will have men and women with qualities 
of ability, character, and leadership in our Company, pre¬ 
pared to cope with the problems and responsibilities of 
our complex society. 
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